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I

ABSTRACT

ProJect 3.9 had four objectives, each directed toward filling a
particular gap in the knowledge of atomic effects on and in field
fortifications. Because each obj ective necessitated an independent
experimental set-up and essenti~lly constituteA a test within itself,
the report is presented in of parts: Prt-9General Effects on
Field Fortification. P *t-a Pressure Measurements in Field Forti- )
fications; A41W Reflected Thermal Radiation in Foxholes; ' -?4

SGamma Radiation in Foxholes.
The objective of Part I to supplement previous tests by

obtaining qualitative evidence aowing the detaiicd atomic effects on
field fortifications with overhea cover and revetment. In presenting
the background, the important past sts were summarized; and the
summary was extended in Appendix G, *here an attempt was made to
establish blast damage curves suitable for inclusion in TM 23-200 by
applying a statistical analysis to the observations of blast damage
made in Exercise DESERT ROCK I to V. To supplement past tests and
accomplish the objective, two types of construction and a variety of
common materials were used for the revetment and ov-rzhead cover of
fifty test structures. These structures represented three types of
field emplacements - the command post, machine gun ezplacement, and
two-man foxhole. From the test, a detailed evaluation of the damage
done to the structures was consolidated with observations made in
past tests; and qualitative conclusions were drawn or. the vulnerability

of those types of fortifications to the effects of an atomic explasion.
Becomomndations were made concerning procedure to be followed in the
event of future testing of improved fortificetion designs; future
testing of the present (FM 5-15) type was considered unnecessary.

The objective of Part 11 was to study the magnitude and character-
istics of overpressure build-up in field fortifications. The peak
overpressures recorded by the Viancko pressure-time gages within the
open two-man foxholes were between 1.87 and 1.55 ti-es the incident
overpressure at ground level. Peak pressure measurements made with
indenter gages on the walls and floors of these foxhol indicate
few overpressures unusually higher or lower than thor 2dioated
above. It is recommended that no further testing te conducted unless
the physiological effect of these overpressures on a human is shownre to be significant.

The objectives of Part III were to make measurements of the
reflected thermal radiation within open two-man foxholes and to
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determine a method of scaling to a range of possible situations. It

is possible to predict the reflected thermal energy distribution in
foxholes for any atomic weapon yield, height of burst, distance from
ground zero, and reflectance of the foxhole walls. If the reflectance
is one third or less, a man will receive less than 10 per cent of the
direct thermal radiation provided he is in the shadowed portion of the
foxhole at least 1 ft below the limit of the direct thermal radiation
on the exposed wall. It is recommended that the results of this
experiment be considered conclusive unless a recrairement is shown for
the thermal energy distribution in an emplacement with a markedly
different geometry.

The objective of Part IV was to determine the angular dependence of
prompt gamma radiation instrumentation in open two-man foxholes. The
average difference between the gamma radiation intensity measures with
the vertical and horizontal film packets was 19 p-r cent; and, between
the vertical and 450 film packets, it was 21 per cent. It is concluded
that the angular orientation of film badges used to measure gamma
radiation in a foxhole is not a critical factor in determination of the
total dose. It is recommended that the angular orientation of film
badges be considered not to affect the conclusions of Project 2.6,
BUSTER.
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FOREWORD

This report is one of the reports presenting the results of the
78 projects participating in the Military Effects Tests Program of
Operation UPSHOT-I OTHOLE, which included 11 test detonations. For
readers interested in other pertinent test inl'or~ation, reference is
made to WT-782, Summarv Ranort of the Technical ;,'rector, Military
Effects Program. This summa~ry report includes the following infor-
MatioU Of Possible general interest:

a. An over-all description of each detonation, including yield,,
height of burst, ground zero location, time of de tonation, ..ambient
atmospheric conditions at detonation, etc., for the 11 shots.

ascb. Compliation and correlation of all protect results on the
basc masuemets f bastandshoc~k, thermal radiation,, and nuclear

radiation.
a. Compilation and correlation of the various project results

an veapons effrects.
d. A swummary or each project, including objectives and results.
e, A complete listing of all reports covering the Military

Effects Tests Program.
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C.43 Fortification No. 10, before Shot 9 . . . . . . • . a • • 148
0.46 Fortification No. 10, after Shot 9 . . . . . . . • . • a • 148
C.47 Fortification No. 10p after Shot 9 . . . . . • • • • • • • 149
C.48 Fortification No. 10, after Shot 9 . * * * & * * • • * s • 149
C.49 Fortification No. 10, after Shot 9 . . a o * * * * & e * * i1O
0.50 Fortification No. 10, after Shot 10 . * * • * * s * & a 150
C.51 Fortification No. l, before Shot 9 o * . * * * * • • * a 151
C.52 Fortification No. U1p after Shot 9 . . . * * o v s e * & * 151
C.53 Fortification No. U1, afterShot 9. • . . e • • o • .* 152
C.54 Fortification No. U1p after Shot 10 . , * e e . • . . • * 152
0,5 Fortification No. 12, before Shot 9 * • * . • * * . 153
0.56 Fortification No. 12g before Shot 9 . . . . . . . . . * . 153
C.57 Fortitication No. 2.2, after Shot9 . . . . . @ * & a o # 54 01
0.58 Fortification No. 129 after Shot 10 eo. .. .. # . .. 1%
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0.59 Fortification No. 13, before Shot 9 . 156
C.59 Fortification No. 13, before Shot 9 . * * * * 155 1
0.61 Fortification No. 13, after Shot 9 . . . . . . . . . 156
C.62 Fortification No. 13, after Shot 9 . . . . . . . 156
C.63 fortification No. 13, after Shot 10 . . . . . . . 157
C.64 Fortification No. 14, before Shot 9 . . . . . * * 157
0.65 Fortification No. 14, before Shot 9 . . . . . . . .158
C.66 Fortification No. 14, after Shot 9 . . . . . . . 3158
C.67 Fortification No. 14, after Shot 10 . . * a * 0 * 159
C.68 Fortification No. 15, before Shot 9 . . 6 a . . 0 159
C.69 Fortification No. 15, before Shot 9 . . & * * 160
C.70 Fortification No. 15, after Shot 9@...... 160
0.71 Fortification No. 15, after Shot 10 . . . * . 161
C.72 Fortification No. 16, before Shot 9 . . . . . . . . . . . 161
C.73 Fortification No. 16, after Shot 9 . . . a a a 0 * 0 0 * 162
C.74 Fortification No. 16, after Shot 10 ... ... . 162
C.75 Fortification No. 17, before Shot 9 . . . . 0 0 163
0.76 Fortification No. 17, before Shot 9... ..... 163
C.77 Fortification No. 17, after Shot 9 ........... 164
C.78 Fortification No. 17, after Shot 10 . . a 0 . . 164
C.7 Fortification No. 18, before Shot 9.. & 165
C.80 Fortification No. 18, before Shot 9 . . 165
C.81 Fortification No. 18, after Shot 9 ......... . 166
C.82 Fortification No. 18, after Shot 9 . . . .0 .0 . .0 . 166
C.83 Fortification No. 18, after Shot 9 . . . 0 0 0 0 9 .0 0 167
C.84 Fortification No. 19, before Shot 9. . . . . . .. 167

5.85 Fortification No. 19, before Shot 9 . . . . 0 $ 0 . . 0 . 168
C.86 Fortification No.. 19, after Shot 9 . . • • . • • • * 0 0 168

IL ~C.87 Fortification No. 199 after Shot 9 . .0 **0 0 0 0 0 169
C.88 Fortification No. 20, before Shot 9 . # 0 . 0 0 . . . . . 169
C,89 Fortification No. 20, before Show 9 o. . . . . . . . o . 170C,90 Fortification No. 20v after Shot 9 o . • * • * • 0 • • 170
C.91 Fortification No. 20, after Shot 9 . o . . o . . . . . . 171

C.92 Fortification No. 20, after Shot 9 Owe. .... 00 171
C.92 Fortification No. 20, after Shontru9 ." .. . . . . . . 171
C.93 Fortification No. 21, under Contructic . . . . . . . 172
C.94 Fortification No. 21, afterShot 9 . o o . • • • • • • a 172
C,95 Fortification No. 21, after Shot 9 . . . . . . o o • • . 173
C.96 Fortification No. 22, before Shot 9 . . . o • • • • • * • 173
0.97 Fortification No. 22, after Shot 9 •e• , e o s * a o o e 174
0.9" Fortification No. 22, after Shot 9 . o . . o 174
C.o" Fortification No. 23, before Shot 9 .o o o o e s # s s e 175
C.100 Fortification No. 23, before Shot 9 , . . . . • • • • • 175

.101 Fortification No. 23, after Shot 9 * • e * • • • • • . . 176
0.102 Fortification No. 23, afterShot 9 .. . .• * • 176
C,103 Fortification No. 23v after Shot 9 0 *0 * f 177
C.lO4FortificatiocNo. 23l after Shot 9 . . . . . ... 177
0.05 Fortification No. 249 before Shot 9 . • • • • • 178
0,206Fortificatioo No. 24, before Shot 9 . • • • , a 0 • • 178
0.107 Fortification No. 24, afterShot 9 • * • e • s • • • • 179
0.106 Fortification No. 24, afterShot 9 * * e e e * 179
0.109 orttiloation No. 24, afterShot 9 0 & • a 0
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C.110 Fortification No. 25, before Shot 9 . 180
0.111 Fortification No. 25, before Shot 9 . . . . . . . 0 * * 181
C.112 Fortification No. 25, after Shot 9 . . .. 181
C.113 Fortification No. 25, after Shot 9 , * * . . . . . .* . . 182
C.114 Fortification No. 26, aft& r Shot 9 . . . 182
C.115 Fortification No. 26, after Shot 9 . .. 183
C.116 Fortification No. 27, after Shot 9 & *. 183
C.117 Fortification No. 27, after Shot 9 . . . . . . . . .. . . 184
C.118 Fortification No. 27, after Shot 9 . . . .184
C.119 Fortification No. 27, after Shot 9 . . . . . . . o . . . .185

0.120 Fortification No. 28, before Shot 9 o . o a * o o # .a o o 185
C.121 Fortification No. 28, before Shot 9 o & * o * o a o .a o o 186
C.122 Fortification No. 28, after Shot 9 o * * . o o o o ..o e 186
C.123 Fortification No. 28, after Shot 9 o . . . o . o . o .187
C.124 Fortification No. 29, before Shot 9 . . e * .187
C.125 Fortification No. 29, before Shot 9 . .0# 188
C.126 Fortification No. 29, after Shot 9 o * * * sa.oo. .188
C.127 Fortification No. 29, after Shot 9 . o o . . 0 0 * .0 0 . 189
C.128 Fortification No. 30, before Shot 9 o . o & . 0 0 0 ..0 * 189
C.129 Fortification No. 30, before Shot 9 . . 0 . a . . 0 .a a . 190
C.130 Fortification No. 30, after Shot 9 . . . 0 . . 0 0 ..0 0 190
C.131 Fortification No. 31, after Shot 9 . . . . . . . .0 0.191
C.132 Fortification No. 31, after Shot 9 . . . . . . . . .0 * .191
C.133 Fortification No. 32, after Shot 9 . . . . . . 0 . .0 0 * 192
C.134 Fortification No. 32, after Shot 9 o . 6 . 0 . . * .& a 0192
C.135 Fortification No. 33, before Shot 9 . . * * a a o * .o * o 193
C.136 Fortification No. 33, before Shot 9 . . * 9 o o o o o o . .193
C.137 Fortification No. 33, after Shot 9 . . . . 0 0 0 0 .0 . .194
C.138 Fortification No. 34, before Shot 9 o o * o s s o o o o o194
C.139 Fortification No. 34, after Shot 9 , . . 0 * 0 0 . 0 0 . .195
C.140 Fortification No. 35, before Shot 9 o . . 0 0 0 0 . a 0 a 0195
C.14a Fortification No. 35, after Shot 9 . . o . o , . o . 0 . 0196
0.142 Fortification No. 36, before Shot 9 , . . . 0 0 . 0 0 0 0 *196
C.43 Fortification No. 36, after Shot 9 & o • • o • o o • * . 0197
0.14 Fortification No. 37, before Shot 9 . . . . . . . * & .0 .197
C.U5 Fortification No. 37, after Shot 9 . . . s o . * • • e • .198
C,146Fortification No. 37, abter Shot 9 . . . . . . • • . • . .198

,347 Fortification No. 38, before Shot 9 o o . .• a a • • • .0199
C,148Fortification No. 38, after Shot 9 . . . o o . o • . • • .199
C.149 Fortification No. 39p before Shot 9. . • • • a • • • • • .200
C.15 Fortification No. 39, after Shot 9 o . . o o a o • . o .20
C.15• Fortification No. 39t afterShot 9 o . . • • • • * o o * .201

C.l Fortification No. 40P before Shot 9 * * s o • • a o o o o o20*
0,153 Fortification No. 40, before Shot 9 . . • • • • • . • • 0 02D0.154 Fortification No, 40, after Shot 9 o o o o o o o e o o * o202 .

C.155 Fortification No. 401, after Shot 9 o * # o o o * a * a * "203
C,156 Fortification No. 40, after Shot 9 o o o . o . . . . . o .2030.157 Fortification No. 41, before Shot 9 o. • * o o o s o o o a .20
0.158 Fortification No. 419 before Shot 9. o & o o o o a o • o2"20
0.159 Fortification Roo 419 after Shot 9 o o o o o o o o • o • *205

.160 Fortification No. 42, before Shot 9 . • • 0 0 . • * • • * 0205
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C.161 Fortification No. 42, after Shot 9 . . . . . . . .... 206
C.162 Fortification No. 43, before Shot 9 ........... 206
C.163 Fortification No. 43, after Shot 9 ............ 207
C.164 Fortification No. 44, before Shot 9 . . . . . . . 207
C.165 Fortification No. 44, before Shot 9 .. . . . ..... 208
C.166 Fortification No. 44, after Shot 9 . ........... 208
C.167 Fortification No. 45, before Shot 9 ........... 209
C.168 Fortification No. 45, before Shot 9 . .. . . . . .. . 209
C.169 Fortification No. 45, after Shot 9 ....... .. . . . 210
C.17O Fortification No. 46, before Shot 9 . . . .. .. .... 210
C.171 Fortification No. 46, after Shot 9 . . . . .. . .. . 211
C.172 Fortification No. 47, before Shot 9 . . . . • o • • 211
C.173 Fortification No. 47, after Shot 9 . . .. .. .. .. .. 212
C.174 Fortification No. 48, before Shot 9 . . . . ...... o 212
C.175 Fortification No. 48, after Shot 9 . . . . . . . 213
C.176 Fortification No. 49, before Shot 9 . . . .. • • . 213
C.177 Fortification No. 49, after Shot 9 . ..... a • • • • . 214
C.178 Fortification No. 50, before Shot 9 . ...... . • • • 214
C.179 Fortification No. 50, before Shot 9 . 0 . .. . . . . . • 215
C.180 Fortification No. 50, after Shot 9 . . . . • 0 0 0 . . * 0 215
G.1 Probability of Blast Damage to Field Fortifications

vs Peak Overpressure Scaled to 1 Kr Based on Desert
Rock Data From the Underground, Surface, and Air
Bursts .*o #* * o a o . . . o o • 251

0.2 Probability of Blast Damage to Field Fortifications'
vs Slant Range Scaled to 1 KT Based on Desert Rock
Data From the Underground, Surface, and Air 3ursts . . . . 251

G.3 Probability of Blast Damage to Unreinforced Field
* Fortifications vs Peak Overpressure Scaled to 1 XT

for the Desert Rock Underground, Surface, and AirBursts... 0 00jlast jet "-- o o o o • 252

0.4 Probability of Blast aaet Unreinforced Field
Fortifications vs Slant Range Scaled to 1 17. for
the Desert Rock Underground, Surface, and Air
Bursts. . Blast--'' " • • • • • 252

0.5 Probability of Blast Damageoto Reinforc~d:'eid 'il
Fortifications vs Peak Overpressure Scaled to 1
XT for the Desert Rock Underground, Surfatce,
and Air Burst~s . o . o 6 o 9 . o a * & 9 * 253

0.6 Probability of Blast Da.,aje to Reinforced ?ied*
Fortifications vs Slant Range Scaled to 1 X? for
the Desert Rock Underground, Surface, and Air

0.7 Probability of Blst Damage to Unetnf rced Field
Fortifications vs Maxieum Particle Velocity Scaled
to I Kr for the Desert Rock Undergrotmd and
SurfaceBurst s *s * 1 " ao.o.d' *e"•• e 254

0.8 Probability of Blast Dewage to Reinforced Field
Fortifications vs Maximum Particle Velocity
Scaled to 1 0 for the Desert Rock Underground
andSurfaoe Burst . . . . . . . . . .. .. .. . . .o . 254
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SECRET

:i PART I

GNERAL EFFECTS ON FILD FORTIFICATIONS

CEAPTER 1

ITRoDICTION

1.1 OBJECTIVE

The objective of Part I of Project 3.9 was to supplement previous
tests by obtaining qualitative evidence shoring the detailed atomic
effects on field fortifications with overhead cover and revetment.

1.2 MCKROUNhU

1.2.1 General

There were several atomic effects tests on field fortifications
and related structures conducted prior to UPSHOT.o TOTHOLE. These tests
fell into three general categoriest gross effects on standard (F: 5-15)
field fortifications, physiological effects within foxholes, and effects
on civilian type shelters.

large nuwebrs of standard field fortifications were exposed to
atomic explosions as a part of the various DESERT ROCZ exercises. How-
ever, the recording of the atomic effects on these fortifications was
a mission secondary to troop indoctrination and orientation; and the
reports on the exercises include only a minitnum of detailed inforration.
Other large-scale tests on field fortifications were limited to those
di•ected toward recording phiysiological effects within foxholes. Al-
though muoh conclusive information was gained and recorded on nuclear
radiation, these tests were not entirely successful in gaining conclu-
sive Information on other effects. Finally, tests on civilian shelters
comparable to field emplacenents furnished the large part of the de-
tailed information on the reaction of overhead cover and revetment to

atomic explosions.
In r•dor to provide an overall picture, as well as an easy ref-

erence to those past observations consolidated with the observations
made In this test, the past test reports are sumarized. The summry

, is extended In Appendix 0, where the consolidated DESERT ROCK data is
iosented In the forn of damage criteria carves.
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1.2.2 Exercise DESERT ROCK I(1)

This exercise was conducted at the Nevada Proving Grounds in
the fall of 1951 in conjunction with BUSTER-JANGLE. The objective of
this exercise was "to test current doctrines to the extent afforded, to
determine the effect of an atomic weapon on equipment and materiel, to
indoctrinate personnel, test their psychological reaction during the
tactical employment of the weapon, and to the dogree possible to deter-
mine what physical protective measures can be taken against the weapon."

As a part of that exercise, all normal types of tactical field
fortifications were constructed and exposed at ranges from ICO to 5000
yd from ground zero. Film badges and JS-I thermal indicators were in-
stalled in emplacements to roughly indicate the amount of nuclear and
thermal radiation received. Animals were placed at ground level, below
ground level, and in shelters. From the test, an evaluation of damage
to emplacements was made. Through the use of test animals and indi-
cators, an estimate of the probable effects on personnel under varying
A conditions of shielding was made. The test conditions were estimated
as 21.5 IT at a height of burst of 1417 ft giving 6 psi, 40 cal/cm ,
and 700 r incident at 1020 yd from ground zero.

It was concluded that: "An atomic weapon of the yield employed
in Exercise DESERT ROCK and detonated at similar height will cause very
few, if any, casualties beyond 1000 yd from ground zero, when personnel
and equipment are well dug in on the battlefield and alerted to a pos.
sible attack. Physical protective measures currently employed by our
forces are adequate to include normal field fortifications, revetments
of all types, and present types of military equipment."

1.2.3 Bxercises DXSERT ROCK :1 and 111(2)

These exercises were conducted at the Nevada Proving Grounds
during the fall of 1951 in conjunction with BESTER-JANGLE to supplement
Vxercise DESER ROCK I. They were to obtain information relative to
the effects of surface and underground nuclear explosions on typical
a&M field emplacements, equi;=ent and materiel, and to determine (in-
sofar as possible) the probable effects on personnel.

As a part of these exercises, a few special and a multitude of
standard aru7 field emplacements were positioned from 100 to 1000 yd
from ground mro and instrumented with film badges. These Included
revetted and unrevetted emplacenents, both with and without overhead
cover. ftw the tests, evaluations of the gross damage to the emplace-
ments were made and the results of the gama radiation wasrements

esented.
B ercise =EST ROCK II, conducted with an estimated 1.1 U

tfae bust, included the following general results: "The most distant
revetted emplacement which collapeed to an appreciable degree was fox-
hole No. 3 at 280 yd. The most distant unrevetted foehole which suffered
serious dama was foxhole go. 9 at 515 yd. The average emplacement
reduced the (gpae) dosage to 10 per cent of the dosage In the open at
th easae distance; indications wer that overhead cover increased the
trotestion Irm gan radiation to a mall degree
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Exercise DESERT ROCK III, conducted with an estimated 1.1 XT
burst at 17 ft below ground surface, included the following general
results: "In this test, the most distant revetted emplacement which

collapsed to an appreciable degree was the two-man foxhole with over-
Shead cover at 412 yd. The most distant unrevetted emplacement which

suffered severe damage was the two-man foxhole without overhead cover
at 566 yd. A substantial amount of the initial radiation following the
underground shot came from the low radioactive cloud which covered the
test positions. ... Along the NE line of positions, the average foxhole
gave roughly 75 per cent protection from the radiation. Along the S
line of positions, the average emplacement gave roughly 85 per cent pro-
tection. The per cent protection apparently depends upon how close the
center of the cloud comes to a particular foxhole or emplacement."

General conclusions from the two tests are: "It is felt that
the results of DESERT ROCK Exercises 1, II, and III provide adequate
informtion as to the protection afforded by normal field emplacements
in this type of terrain and soil. Normal field emplacements provide
about 80 per cent protection against the nuclear radiation effects of
surface and underground bursts. Specially designed field emplacements
for atomic warfare are not justified."

1.2.4 Exercise DESERT ROCK IV(3)

Exercise DESERT ROCK IV, the U. S. Army designation for its
participation in TUMbLER-SNAPPER, was held at the Nevada Provint Grounds
during the months of April, 'May, and June of 1952. In general, the
mission of Exercise DESERT ROCK IV was a continuation of the missions
of the previous three Exercises DESERT ROCK. While the principal mis-
sion of the exercise was the indoctrination of troops and observers,
attention was also given to blast and thermal effects on troop equip-
meant, material, emplacements, and live animals.

The exercise included fortification display areas at ground
ranges between 200, and 3500 yd for Shots 3, 4, 6, and 8. The fortifi-
cations were of the normal tactical type. Animals, film badges, and
equipment and materiel were placed both inside and outside of the
eopledemntso

Damage effects were presented in the form of tables and photo-
graphs in the report, with emphasis placed on the damage to equipment
and mateiel,.

There was little discussion of the damage to fortifications.
Appliacable results and conclusions were: "Lethal effects of gamma radia-
t1on sa heep in foxholes up to 550 yd from ground zero, and lethal
effects of gm radiation on sheep above ground surface up to 900 yd
from ground zero. Severe blast damage on surface of ground up to 1700
yd from ground zero (for Shots 3. -6, and 8). Troops in average hasty
entrenchments at a range of 1700 yd from ground zero are believed safe
from &U effects of tke size burst used in this exercise, provided they
are 'dawn' at the time of burst.' (Refers to Shot 4, 22 Us 1050 air
burst.) 1

25

SECRET -RESTRICTED DATA



..m

1.2.5 Exercise DSERT ROCK V(4)

Although Exercise DESERT ROCK V was conducted at the Nevada
Provinrg Gounds concurrently with Project 3.9, UPSHOT-K1OTHOLE, and
therefore does not actually fall into the category of background, their
final report has been published and is summarized here for purposes of
continuity of the overall DESERT ROCK work. The following quotations
should explain the scope of the fortification study made in this exer-
cises "In general, the mission of Exercise DESERT ROCK V was a continu-
ation of the four prerious Exercises DESERT ROCK. The principal mission
of the exercise was the orientation and indoctrination of troop observers
and troop participants."

Two special features of this exercise were groups of volunteer
officers who occupied trenches at the closest range any known personnel
have been exposed in a training situation, and the preparation of target
damage estimates by instructors of the Special Weapons Course, C&GSC,
for comparison with the actual damge evaluations.

The fortification layouts were extensive, ground ranges vary-
ing from 100 to 3500 yd for Shots 1, 2, 5, 7, 8, 9, and 10. Other than
normal type trenches and weapon emplacements, the layouts included sev-
eral types of heavily constructed bunkers. Fortifications were instru-
mented with film badges in INB hollers and, to a lesser degree, with
passive type therml indicators. There was extensive exposure of ant-
mals (sheep), both inside and outside of the fcrtifications. From the
tests, the gross effects on equipment, materiel, fortifications, and
animals along with the predicted effects on these items were presented
In tabular form. The results of gamma and thermal radiation measure-
ments were also presented.

The applicable general conclusions of the exercise are illus-
trated in the following paragraphs:

Selected officer volunteers, capable of calculating effects of
atomic weapons, were positioned in trenches at 2000 yd for Shots 5 and
7, and at 2500 yd for Shot 2. The location of the trench in each case
was based upon the determination of a safe distance by the volunteers
using data from TM 23-200, dated 1 October 1952. The volunteer officers
concluded that a trench 6 ft deep and unrevettad gave adequate protec-
tion under the given conditions, that there was no discomfort from blast
or thermal effects, and that ground shock, at this distance, was not of
sufticient magritude to be ot any concern.

On all shots, a diagram of the equipment disolay area was for-
warded to the Command and General Staff School, Ft. Leavenworth, Kansas,
in order that instructors of the Special ffeapons Course could predict
damae based on the layout of the display area, the ea'oted XT yield
and the predicted weather. From cooparing these estimates with actual
dama• and from the results of the officer volunteer program,, it was con-
eluadd that *atomlo weapons effects data found in TV 23-200, dated

I October 1952, can be wed by qualified officers to determine safe
troop positions and to predict damage to equipment, emplacements, and
personnel as the result of an atomic weapon detonation.'
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1.2.6 Report of the Protection Afforded by Field Fortifications
Against Gamma Radiation from an Airburst Atomic Bomb, RANGER

This test is reported in WT-201, along with other studies made
at RANGER. Because this test was essentially duplicated by a later test
at BUSTFR, which is summarized in Section 1.2.8 below, further discussion
i.erp is considered unneceasary.

1.2.7 !'~st Injuries in Foxholes, GMEENHOUSE(5)
I.

This experiment was conducted as part of the atomic weapons
tests at Eriwetok in 1951. The following paragraphs are totally or in
part extra.. -ed from the report and should adequately describe the
experiment:

Sixteen dogs protected in foxholes were exposed in pairs to the
tfAm Shot in GRFhNHOUSE. The foxholes were of a uniform size, plywood

lined, and fitted with instruments to measure blast, temperature, and
ionizing radiations. They'wqre dug 4 ft deep in coral at ranges of 400,
600, 800, 1000, 1250, and 1500 yd from zero point.

Post shot inspection showed that the two foxholes at 400 yd were
about one-third filled with coral rubble. In one of these, the wall
toward ground zero was pushed in about 20 degrees from the vertical.,
scorched on both sides at one-third the distance to the floor, and had
three holes burned completely through. The foxholes at 600 yd held
lesser amounts of coral stones and rubble. The plywood reinforcing walls
held satisfactorily at these and all other more distant stations. Peak
ground level overpressures were estimated to be about 100 psi and 30 psi,
at 400 yd and 600 yd, respectively.

s The blast gages used within the foxholes failed to yield usefuldata.
The clock mechanism in the (temperature) recorders failed in all

but the two most distant stations. A definite increase in temperature
(within the foxholes) was evident at 1250 and 1500 yd. Since the re-
corders were shielded from direct thermal radiation, it my be assumed
that this represents a rise in temperature of the ambient air. Tempera-
ture increase was greater in the center of the holes than on the proxi-
mal wall. The temperature rise at 1250 yd was greater than at 1500 yd.
Inasmuch as the greatest temperature rise was approximately 10 degrees
(fthrenheit), this phenomenon would have no biological significance to
men or animals located near the bottom of the hole.

It was concluded thatt 'Under the conditions of this experiment
and with the exception of the 400 yd station, the foxholes provided
effective shelter against thermal and secondary blast injuries.

'ith the observed brain daage not classified as a true primary
blast injury, it appears that all the foxholes except the 400 yd station
were protected against critical primary blast injury.

*At and beynd 1250 yd, the total gamra ray and neutron exposure
in the bottom half of the foxholes was below lethal limits for the dog.
Tbroughout the range of distance involved in these stidies, the total
pam-ray and neutron dosages at the surface were in the supposedly
lethal or seriousdy incapacitating range for dogs and man.*
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It was recommended that: "A thorough program with a high prior-
ity should be planned and carried out to determine the optimum designs
for emergency field shelters. Animal exposures should be part of this
program."

1.2.8 The Protective Effects of Field Fortifications Against Neutron
ad amma Ra Flux,, BUSTER(6

"This experiment was designed by the Corps of Engineers to
evaluate the protection afforded by field fortifications against the
nuclear radiations from atomic weapons." The experiment was conducted
at the Nevada Proving Grounds in the fall of 1951 as Project 2.6 of
BUSTER.

The experimental procedure was as follows: Standard two-man
foxholes were constructed in Area 7 of the Nevada Proving Grounds at
300 yd intervals from 100 to 2200 yd from the expected ground zero of
the Baker, Charlie, and Dog detonations. Each foxhole was instrumented
in 10 different positions with gamma film detectors. Slow neutron de-
tectors were placed along the center vertical axis in those foxholes
which were located within 1300 yd of ground zero and fast neutron de-
tectors in the same positions in those foxholes closer than 1000 yd.
In addition, there were two-man foxholes with concrete covers and open
one-man foxholes constructed adjacent to those located at distances of
400, 1000, and 1600 yd from ground zero. A o, at these specific dis-
tances, a soil pipe 48 in. long and 6 in. i. liameter was sunk flush
with and perpendicular to the surface of the ctrth. The concrete-
covered foxholes were instrumented in the same manner as the open two-
man foxholes, but the one-man foxhole and the soil pipe were instru-
mented only along tha central vertical axis at depths of 16, 32, and 48
in. with gamma detectors. No neutron detectors were employed in the
one-man foxholes.

Some of the more important results and concluisions of the test
are presented in the following paragra~phs.

"*On the average, the dosages at the bottom of' the fortifications
were approximately 12 per cent of those at the surface. It is inter-
esting to note that the percentage decrease at the various depths was
essentially constant, despite the variation in the size of the detona-
tions. Therefore, if the surface dosage at a point or the approx•mate
asoe of the weanon were known, it is possible from this information to
predict accurately exposures to personr' in open fortifications.

""aComparicon of the exposures in the two-man and the one-man for-
tifications Indicates that the exposures at different depths were di-
reotly proportional to the solid angle formed at the point of measure-
ment b the opening of the for+ifications, for distances greater than
apiteoximtely 1500 ft from ground wiro.

"Comparison of the exposures recorded in the concrote-covered
fortification with those in the uncovered showed that the 15 in. con-
crate slab decreased measured dosages by a factor of about 16. This
factor was calculated b7 considering the results in the two-man forti-
fications located at slant ranges of approximately 1800 and 3350 ft.

The gamma radiation emitted during a detonation should be con-
#idered the primary nuclear hasard to personnel exposed to the burst of
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this weapon. The range of the neutrons is such that they do not con-

tribute greatly to the dosage except at those distances from a bu~rst
where the gamma radiation is already extremely dangerous.

"Analysis of the data obtained from the slow neutron detectors
indicated that the neutron flux at different depths in open fortifica-
tions was essentially the same as that on the surface." (There was a
marked decrease in slow neutron flux in the fortification with the 15
In. concrete cover.)

"The flux of fast neutrons, those whose energies were greater
than 3 Mev, decreased with the depth of the fortification. Again, the
marked decrease in the flux beneath the concrete slab was found in all
cases."

1.2.9 F. C. D. A. Family Shelter Evaluation, BUSTER(7)

The Federal. Civil Defense Administration family shelter evalu-
ation under Project 9.1a, BUSTER, was designed to develop informition
on the degree of protection from atomic explosions afforded by simple
structures which could be built by the average householder with avail-
able materials.

A total of 29 simple structures spaced 25 ft apart were built
along an arc 1200 ft from the target point. Eighteen of the structures
were the covered-trench type; five, metal-arch; four, wood-arch; and
two, the basement lean-to type. Structural strength, materials, amount
of earth cover, elevation, and orientation were varied for test purposes.
The shelters were instrumented with gamna film badges, improvised de-
flection devices, and peak pressure recording land mine fuses.

The shelter structures were subjected to Shots Baker, Charlie,
and Dog. From tbe tests, peak overpressures, thermal radiati6n, and
gamma radiation readings were recorded. The effects of the explosions
on the shelters were listed separately to assist in evaluating their
reaction to each shot. Recorded data and structural damages were sum-
marized in tabular form.

Some of the more important results and conclusions of the test
are presented in the following paragraphs.

'Large quantities of earth cover were removed by each explosion.
Amounts of cover blown off by Shot Baker varied from 30 to 60 per cent
of the total cover. These quantities varied with elevation of struc-
tures with respect to natural grade. Partly above-grade shelters were
affected to a greater extent. This undesirable reaction was serious,
for it not only affected protection against radiation but also resis-
tauce of the structures to blast.

"Additioral test data are needed on the reaction of earth cover.
The teat results do not show the effect of earth-arch action or whether

ahe resistance of the mass of the earth cover contributed to the ability
of structures to withstand blast. However, results did show that damage
to structures was less severe when protected by even a small amount of
cover. This was particularly evident where entrance structures were
poorly protected but survived when covered. It apneared that if earth
cover were below natural grade it would not be greatly affected by
blast. Thus, lowering grade level of shelters would add consie -ably
to their safety.
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"The reaction of the earth cover affected not only the struc-
tual resistance of the shelters, but also their ability to protect

against radiation. Reduced cover on the second and third explosions

greatly increased radiation dosages within the shelters. Test struc-
tures were located sufficiently close to the three explosions to
receive the shock an appreciable interval before all game radiation

,was absorbed.
"The entrances of all structures were considerably weaker thAn

the shelters proper.. .practically all above-&rade entrance constructiop(
was demolished and blown away. Debris thrown into the shelters was /
trapped in entrances and would not have injured occupants. It did
block access to many of the shelters, and escape would have been hazard-
ous. Some of the damage to the entrances was superficial and did not
affect the protective value of the shelters, but all should be re-
desigpned to provide resistance comparable with the capabilittes of the
rest of the structures.

"Scorching of parts of the entrance panels not directly exposed
to the blast indicated the possibility of heat reflection of some magni-
tude. However, even in the shelter where the entrance side faced the
blast, there was no evidence of heat entering the shelter proper.

PWood shelters offered good resistance to blast provided they
were properly protected by earth cover. They did not burn, and their
resiliency permitted them to absorb shock without failing completely.

"gThe results obtained from the substitution of materials were
satisfactory. Chicken wire and tarpaper sheathing for the sides of
shelters were adequate where the spacing of supporting members was not
too great."

1.2.10 AEC Communal Shelter Evaluation, BUSMV (8)

This test was conducted at the Nevada ?roving Grounds in the
fall of 1951 as Prolect 9.lb of BUSTER. The objectives of this test
were to assess the effects of atomic bombs of various yields detonated
in air at varying distances on a communal shelter of the design de-
scribed herein, and to recommend to the Commission on the basis of the
observed results a communal shelter design, dee-ed adequate within the
limits of certain Assumed risks, for construction as required at ABC
factlities.

Since the test structure was a cylindrical, combination con-
crete t-nd steel-pipe shelter of large dimensions, most of the results
of the test are not applicable to field fertifitationa within the scope
of this report. Those results that are applicable (such as the removal
of earth cover affecting gamma radiation dosages within the shelter)
do not materially differ from those presented in the preceding section
of this report--l.2.8. For these reasons, as well as for purposes of

,,brevity$ further discussion of this test is not doomed necessary.

1.aU Hasty Typo Air Raid Shelters, T MIL(9)

This experiment was conducted at the Nevada Proving Grounds in
the spriv of 1952 as a part of TUUBL . The scope of the test is
illuftwate4 in the following quotations: "The necessity of providing

30

SECRET- RESTRICTED DATA



for the protection of personnel in the event of an enemy air attack
against Sandia Base presents the problem of constructing adequate shel-
ters in a short time with the facilities available to the Base Engineer.
The degree of protection afforded against an atomic explosion by a
trench shelter capable of being put in rapidly with powered ditchers
gave rise to the desire of testing such a shelter under actual condi-
tions." A test was set up with a primary objective: "...to determine
the relative protection afforded personnel by an uncovered 'Z' shaped
trench shelter versus that afforded by a covered 'Z' shaped trench
shelter."

Two trench shelters, both unrevetted, one covered and one un-
covered, were constructed at each of four positions located such that
the actual ranges resulted as 625 ft, 1550 ft, 2725 ft, and 4925 ft
from ground zero for Shot 4. "The main or middle portion of the trench
shelter was dug approximately 25 to 30 ft long and 24 to 26 in. wide in
both the covered and uncovered shelters. The arms/forming the entrances
varied from 8 ft to 31 ft in length, and were dug to a depth of 2 ft at
their outer edge and sloped to the level of the floor of the main trench.
One series of trenches was dug to a depth of 5 ft, and another series
to a depth of 6 ft. The cover was constructed 'f 2 in. wood Dlanking
overlapping the sides of the main trench by at least 2 ft and overlaid
with the spoil taken from the trench. The shelters were instrumented
by the use of clothed dummies and film badges to observe the effects of
blast and thermal radiation and to measure the value of nuclear radia-
tion. From the test, the incident effects at the ranges listed above
were tabulated as: 68 psi, 350 cal/cm2 , 77,000 r; 18.5 psi, 145 cal/cm2 ,
18,000 r; 8.8 psi, 60 cal/cme, 3030 r; and 3.9 psi, 20 cal/cm , 183 r,
reaps ctively.

Some of the more important conclusions of the test are presented
in the following paragraphs.

"The covered trench shelter affords greater protection against
atomic effects, particularly gamzra radiation, than does the uncovered
trench shelter.

"In the region of 8 psi overpressure (Position 3), both shelters
afford protection against blast pressure; but the measured nuclear radi-
ation in the uncovered shelter of from 600 r to 800 r would have been
fatal to occupants. The additional shielding afforded by the cover of
spoil reduced this radiation to a range of from 80 r to 175 r, which is
not considered to be a lethal dose. Protection from gamrs avrears to be
the paramount problem in the shelter design; since, in the case of the
shelters tested here, protection against blast and thermal effects ap-
parently was greater than the orotection against prompt gacma radiation.

%oil structure is a major factor determining how well the shel-
ter walls will withstand the effects of a blast. At Position 2, where
the soil structure was fairly good, the shelter held at 1.5 pei over-
pressure; whereas, at Position 4, where the soil structure was poor,
the sides of the shelter gave way at only 3.9 psi overrressure.

"The shape of the earth mound fornig the cover should be broad
and flat. The peeked mound of the covered shelter at Position 2 was
greatly lowered; while the flat, low mound formed from the spoil of the

ncovered shelter at that position was only slightly altered by the
blast.
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"Total thermal radiation estimated from observations of clothed
dummies and charred wood is highly inadequate and not reliable."

It was recommended that: "If more detailed information on ther-
mal radiation and blast effects on shelters of this type is desired, a
more extensive program of instrumentation should be used in conjunction
with a future test."

U
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CHAPTER 2

EXU RIM&NT DESIGN

2.1 TEST STRUCTURFM

2.1.1 General Description

Fifty simplified structures were used to represent 12 comnand
posts, 19 machine gun emplacements, and 19 two-man foxholes. All of
the structures included revetment and overhead cover, the structure
frames following timber bridge nomenclature and consisting of posts,
Caps, stringers, revetment, and top filler. The structures were varied
In strength and materials for purposos of comparison. Table 2.] shows
the extent of variation of materials for each structural component.
This variation is further illustrated in Tables 3.3 through 3.3, which
show the particular materials used in each structurA. Along with the
variation in strength and materials, two types of construction were
used. These consisted of the continuous-strirger tyte and the spaced-
stringer-with-top-filler tyMe and are illustrated in Figs. 2.] through
2.6.

TABIe 2.1- Variation in &Wterials

Component Material

ftet 80x" 8" timber
4m z 40 timber
2" x 40 timber

Cap 80 z 8# timber
4' z 4' timber
2" z 4" timber

8tribpr 4w z 4" timber
20 x 4' timber
10 x 64 timber

Revetment 4 x P Uimber
14 x 6" timber
5/8" p1ywood

_ eanorgated -Iron
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TABLE 2.1 . Variation in Materials (Continued)

Component Material

Revetment(cont'd) chicken wire and burlap

chicken wire and pasteboard
_ _pasteboard

Top Filler 1" x 6" timber
5/8" plywood
corrugated iron
chicken wire and burlap
chicken wire and pasteboard
pasteboard

The construction of the corar-and posts is shown in Figs. 2.1 and
2.2. The figures show an underground side view, with the near wall and
post removed. The comuand posts were constructed with their stringers
at grade level. The overali inside dimensions were 6 ft x 6 ft x 6 ft.
The overall dimensions of the cover were 9 ft x 9 ft overlain with about
2 ft of loose earth. The entrance excavation protruded 6 ft fromi the
wall of the structure and was 2 ft wide, with three 2 ft steps cut down
to the co•-nand post proper. The sizes and spans of the timbers and tha
various materials used for each component in each command post are in-
eluded in Table 3.1.

The construction of the machite gun emplacements is shown in
Figs. 2.•? and 2.4. The figures show a partially underground rear view,
with a portion of the rear wall and posts cut away. The stringers were

ft above grade level, and the overall dimensions of the cover were
ft x 10 ft overlain with about 1 ft of loose earth and sandbags. The

overall inside dimensions were 51 ft long x 7 ft wide x 6 ft tall. The
entrance excavation protruded 6 ft from the rear wall and was 2 ft wide
and 2 ft deep, leaving a 2 ft step down to the floor of the emplacement.
The sizes and spans. of the timbers and the various materials used for
each component in each machine gun emplacement are included in Table
3.2.

The construction of the two-man foxholes is shown in Figs. 2.5
and 2.6. The figures show an underground corner view, with portions of
the walls cut away. The overall inside dimensions of the foxholes were
2 ft long x 6 ft wide x 5j ft tall. The stringers were 1 ft above grade
level, and the cover had overall dimensions of 5 ft x 9 ft overlain with
about * ft of loose earth and sandbags. On some of the foxholes, not
ghow, the cover had no overhang reducing the dimensions to 2 ft x 6 ft.
The timber sizes and spans and the materials used in each foxhole are
included in Table 3.3.

2,1.2 Instrumentation

Nak pressure measurements were made both outside and inside one
command post, one machine gun emplacement, and one two-can foxhole with
indeater peak pressure gages furnished by the Naval Ordnance laboratory
(NOL). This instrumentation was actually a part of the overpressure
multiplication study, and the details are prseented in Part 11.

34

SECRET - RESTRICTED DATA



000 0,0

-10-10

SECRET - RESTRICTED DATA



*6*4i

0ý0

36U

SERE -RSRCTDDT



II

043

.........

610

SECRET - RESTRICTED DATA



r. T

* 38

SECRE -RESRICTE DAT



= 17

2.2 TEST PROCEURE

2.2.1 Site Ayout

The test structures were constructed by personnel from the
412th Engineer Construction Battalion. Fifty structures were divided
between three areas--Area 3.9-A at 500 ft, Area 3.9-! at 1500 ft, and
Area 3,,9-C at 4000 ft from target ground zero. The exact location of
the areas ts shown in Appendix A, and the detailed distribution of the
structures in each area is shown in Appendix B.

2.2.2 Shot Participation

It was anticipated that all areas would be exposed to Shot 9
and Shot 10. The plan was to rehabilitate the structures after Shot 9.

2.2.3 Recording the Effects on Structures

The effects on the test structures were recorded by preshot and
postshot photcgrapby supplemented with postshot inspection notes. The
photograpky was furnished by Program 9, AFJtP.

loose earth and sandbazs
"• "'• strin r •

Lit
Fig. 2.5 Two-man Fxhole with Continuous Stringers

39

SECRET - RESTRICTED DATA



stringer'

loose earth and sandba s

--

Fig. 2.6 TVo-Man Foxhole with Spaced Stringers and Top Finler
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C.RAPrFa 3

EMFULTS

3.1 IRODUCTION -,

3.1.1 Shot Participation

Shot 9, 8 1%y 1953, was a 26 XT air burst at a-height of 2423 ft
with the actual ground zero located 937 ft south a.nd'15 ft west of tar-
get ground zero. Shot 10, 25 !ay 1953, was a 14.1 KT air burst at a
height of 524 ft with tbe actual ground zero located 139 ft south and 86
ft west of target ground zero.

All three areas were exposed to Shot 9. The actual ground zero
Zor this shot was located between and to one iide of Areas 3.9-A and
3.9-B; and, as a result, the peak overpressures and peak dynamic pres-
area were changed from those emxcted in these areas. Area 3.9-C was
little affected by thic miss of target ground zero.

Since the damage to the structures from Shot 9 was not severe
and the 412th Engineers had a heavy work load between shots, it was
decided that only Area 3.9.1 be restored for Shot 10 and that Areas 3.9-B
and 3.9-C be policed. The work order was interpreted by the construction
personnel to mean that Areas 3.9-B and 3.9-C be removed. As a result,
only Area 3.9-A was exposed to Shot 10. The miss in target grcund zero
for Shot 10 resulted in Area 3.9-A being about 350 rt rat"er than the
plamied 500 ft from actual ground zero. This substantially increased
the expected pressures.

3.1.2 Tabulation of Effect. on Structures

Tables 3.1 through 3.3 break down the effects of Shot 9 into the
effects on each component of each structure. The effects of Shot 10 are
not tabalatad, since the damage was so complete that they are better
described. The tables are explained as follows: The ranges and approxi-
ute peak overpressures are actual values, not expected values. The
timber sizes are designated sizes, the actual dimensions being somewhat
muller since finished timber was used.
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3.1.3 Photography

Preshot and postshot photographs of all test structures for
both Shot 9 and Shot 10 are presented in Appendix C. The photographs
are considered important because they constitute the only real and im-
partial record of the test. All of the damaged elements in any emplace-
ment are shown in the photographs.

3.2 EFFECTS ON COWND POSTS

3.2.1 Effects of Shot 9

As shown in Table 3.], most of the damage was c nfined to the
failure of the center 4" x 4" caps and stringers at midspan. The evalu-
ation of the damage to top fillers in the table does not take into con-
sideration that small portion covering 4 ft of the entrance~ray. In
general, the entrances were about half filled with loose earth; and the
top filler immediately over the entrance was crushed inward enough to
make access to the fortification difficult. It appeared that some of
the loose earth mound covering the fortifications was removed by the
blast. In most cases, the volume of the mounds was reduced by about
one-fifth.

3.2.2 Effects of Shot 10

The peak overpressure in Area 3.9-A was approximately 300 psi,
extrapolated value. All of the command posts were severely dazaged.
About one-fourth of the 8" x 8" 'posts failed in compression; =ost of the
posts were displaced, and som appeared to have been driven slightly
Into the ground. The center 8" x 8" caps were broken and the two end
caps severely shattered, showing 1 in. deep impressions where they had
rested on the posts. About one-half of the 4" x 4" stringers were
broken, the remainder suffering no apparent damage other than being re-
moved from position. It appeared that the covers had been partly blown
down into the fortifications and partly scattered about the area. Even
though there were many undamaged timbers, all of the cover ti=bers were
separated, no cover remaining even partly intact. The fortification ex-
cavations were about half tilled with loose earth and rubble. The 4' x
,4 timber revetments were bowed in, but the timbers retained t~eir same
relative positions and were not damaged. Ons command post of relatively
light constructions 4" x 4' timbers and corrugated iron, was conpletely
destroyed.

3.3 WETS ON MACHINE GUN EMPYACELTNTS

3.301 ett8,t. of Shot 9

As shown in Table 3.2, most of the damage to structural members
was confined Uo the failure at midspan of the two front 4" z 48 caps.
The evaluation of the damage to revetzents and top fillers Is problem.
Wag, bseause the damge seemed to be as attributable to poor construc-
tien as to lack of strength in the materials. In Area 3.9-A where the
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(;k dynamic pressure was about 0.7 psi, most of the loose earth and
bo nags covering emplacements remained in place and there was little

ý •ge to revetments and top fillers, which were strongly constructed.
n 'rea 3.9-B where the peak dynamic pressure was about 0.9 psi, the

revetments and top fillers of emplacements utilizing chicken wire and
burlap were damaged and the loose earth and sandbags covering these em-
placements werehalf removed. In Area 3.9-C where the peak dynamic pres-
sure was about 1.6 psi, the top fillers of emplacements utilizing chic-
ken wire and burlap were damaged and the burlap, loose earth, and sand-
bags covering these emplacements were almost totally removed. In one
case in this area, the entire cover, including 4" x 4" stringers and
l" x 6" top filler, was moved intact about 4 ft toward ground zero. The
entrance excavations in all three areas were about half filled with dis-
placed and ruptured sandbags and loose earth.

3.3.2 Effects of Shot 10

The three emplacements having 4" x 4" timber structural frames
were destroyed beyond recognition. The four emplacements utilizing
8n x 8" timbers for posts and caps and 4" x 4" timbers for stringers and
revetment were destroyed but still recognizable. Confining the discus-
sion to the latter four emplacements, a few useful observations can be
made. The superstructures were entirely removed, leaving the excavations
almost filled with scrambled timbers, loose earth, and rubble. A few
of the 8" x 8" posts remained undamaged; and, where the posts had re-
mined, the 4" x 4" timber revetments were relatively undamaged anJ in
position. The walls of the emplacements were pushed inward, reducing
the dimensions somewhat below the original dimensions. There were a
multitude of undamaged 4" x 4" timbers strewn in and about the emplace-
ments, some of which must have been stringers and others part of the
revetments. It appeared that if the posts had held, the 4" - 4" timber
revetments would have held also. In general, damage to the mchine gun
emplacements was more severe than the damage to command posts of the
same timber size construction.

3.4 VFF!TS ON TVWO..?LN FOXHOLES

3.4.1 Effects of Shot 9

As showh in Table 3.3, there was no appreciable damage to the
individual structural members of the fcxholes. In Areas 3.9-A and 3.9-B,
there was little damage to top fillers and most of the loose earth and
sandbags covering the foxholes remained in place. In these areas, a few
of the 2" x 4" posts were driven farther into the ground, allowing the
covers to slant. In Area 3.9-C, the foxholes having the more substan-
tial revetments and top filler, 1" x 6" lumber, suffered no damage other
than the removal of loose earth and sandbags. Foxholes with lighter
rvetmants and top filler, chicken wire and burlap or pasteboard, suffered
considerable derangement of their superstructure. In some oases, the
timbers forming the cover were pulled apart at their jointes and, in
other cases, the whole cover frame was displaced, pulling the posts out
of position. The top filler materials, sandbags, and loose earth were
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removed. In general, the earth walls of the foxholes would have held
even if they had not been revetted.

3.4.2 Effects of Shot 10
9

The only thing that remained of the foxholes was the 4" x 4" re-
vetment timbers and a few 4" x 4" Posts. Most of the foxholes were com-
pletely filled in, but two were still open enough to Indicate the pro-
cess of failure. It appeared that the two 6 ft walls had been moved in-
ward uniformly, reducing the original 2 ft dimension of the foxholes to
about 8 in. in these two cases and completely closing the foxholes in
all other cases. Other than this, the revetment timbers of the two per-
tially open foxholes were relatively undamaged and retained their same
relative position.

3.5 GEEL OBSERVATIOIS

3.5.1 aross Zffect.O of Thermal Radiation

The incident thermal energies in the areas varied from 40 to 160
cal/cm2 for Shot 9. All of the exposed sandbags were burned and had
spilled their contents. In many instances, this loose earth was spilled
into the entrances of the test structures. Only a few timbers were burned
severely, and there were no significanb fires continuing after the shock
wave had passed. Of some significance was the heavy scorching of the
underneath side of burlap top filler and -ne Inside of chicken wire and
burlap revetted back walls of the mchine gun emplacements in Area 3.9-B.
The foxholes utilizing chicken wire and burlap were similarly damaged.

3.5.2 Joints and Fastenings of Structure Components

Fozholes and machine gun emplacements experienced forces from
the high winds which resulted in the removal or dislocation of various
members and parts. Individual timbers were not damaged, but only dis-
joined. Because of the structure design, the quality of workmanship
going Into the joints and fastenings largely determined the extent to
which a particular emplacement was damaged.
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CHAPTER 4

DISCUSSION

4.1 •E•AD COWR

4.1.1 Test Results, Shot 9

The structural damage done to com-and post cover was a result
of the action of the blast induced air pressure difference between the
top and bottom sides of the cover, hereafter celled diffraction type
loading for brevity. In seven of the nine comrand posts having 4" x 4"
caps and stringers, the center cap failed in bending at midspan, increas-
Ing the span for stringers which then failed. Estimating the time re-
quired for the average pressure within the comrand post to reach its
effective peak to be in excess of 90 msec(lO), and considering that with-
in the me instrumented comm=nd post the maximu peak overpressure meas-
ured was 0.7 as great as that measured outside at ground level, it can
be seen that there was a significant pressure differential between the
top and underside of the cover. Since there was no serious damage to
the top fillers or 40 z 4" posts, and there was evidence that the string-
ers failed only as a result of cap failure, the center cap proved to be
the limiting member in the structure.

Structural damage to machine gun emplacement covers was in part
a result of diffraction-type leading. In 6 of 15 emplacements havirZ 4"
z 4* caps$ the center and front cap failed in bending at midspan. On a
percentage basisp only half as many machine gun emplacements as comrAnd
posts sffered cap failure. Coupling this observation with the fact that
the audmm peak overpremsure measured within the machine gun emplacement
was tw1ce that measured within the command post, one would suspect that
the mabi gun emplacement cover was subjected to a lighter lead because
of the relieving pressure reaching a significant value in a shorter time.
However, when all factors are considered, Including the short response
t atof the timbers, the implication Is not certain when based on this
test alowe. Since there was no other serious damage to the machine gun
eampacement cover resulting from diffraction-type loading, the center and
frost cap proved to be the limiting members in the structure.

Other tan a few Instance& of posts being driven slightly farther
Into the rounds showing that there was a definite dewnward push on the
eoverg there ns little evidence of diffraction loading on foxhole covers.

'9
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The I peak overpressure measured inside the instrumented foxhole

was about the same as that measured outside at ground level.-
Although the dynamic pressures (wind pressures) were small, 0.7

to 1.6 phlq their effect on cover was in evidence. For the command
posts, the damage was limited to the removal of part of the le e, earth
cover; whereas, for machine gun emplacements and foxholes, who 'over
structure was above grade level, the effects were multiple. Generally
apeaking, the dynamic pressures were effective in tearing the cover
materials apart from each other where they were Joined, blowing away the
loose materials, and moving whole covers or parts thereof out of posi-
tion. The effects were most severe on those emplacements having chicken
wire and burlap top filler.

The gross effect of thermal radiation on the cover structure of
the fortifications was not severe. An examination of the test struc-
tures showed that there was no serious fire hazard and that the few fires
that had been started were either blown out or left in a smouldering
state by the blast. Anl of the exposed sandbags were severely burned
and ruptured, and were of little value for holding loose earth in place.
The sandbags having a sman amount of earth covering them were not
damaged. EMmitation of the covers to machine gr'n emplacements and fox-
holes showed that thermal radiation had reflected from the ground and
scorched the underneath side of the burlap used in chicken wire and bur-
lap top filler. This was particularly noticeable because of the design
left on the burlap by tbh shielding effect of the chicken wire. .No
threshold values for the•,l radiation effects on the materials are avail-
able fýQ& this test.

4.1.2 Test Results, Shot 10

Ot anl parts of the fortifications that bad originally been above
natural grade level, little or nothing remained in place. The covers
to machine gun emplacements and foxholes could not be identified after
the shot. Although the covers to co-.xrd posts stood up better than the
others, none remained intact; and the mnner of failure was at best a
matter of conjecture. It appeared that the 8" x 80 center caps had
failed first in horisontal so'ear then in bending at midepan, and that
the end cap@ had failed in horizontal shear only 1th a beginning fail-
ure in either bending or vertical shear. About one-fourth of the 8' x
8O timber posts failed in compression, a few were driven slightly far-
thor Into the ground, and most were le.t leaning iwward to soee degree.
The large nmber of scattered and uda•aged 4' x 40 tisbers showed the
Inadequacy of.desilging for conventional forese.

1.6.3 Omnsr-aliatIOD of Past Results

?Te folclwing generalimtions applicable to overhead cover can ,"
be Ma& from the results and OoaeI1 8ons of past tests,

Mahme to structures ioless severe when they are covered b7
evan a still aemont of earth. Weod shelters otter good resistance to
blast Vovided U-y are properly protected with earth cover. They do
not bumn, and their resiliency perdita thes to absorb considerable shock
without faliUng completely. As the elevation of a shelter is increased
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with respect to natural grade level, larger amounts of earth cover are
subject to removal; and there is a reduction in the shelter's resistance
to blast, as well as increase in the measured gains radiation doses.

The covered shelter affords greater protection against atomic
effects, particularly ga:i= radiation, than does the uncovered shelter.
For air bursts, overhead cover greatly reduces the gamma radiation doses
within fortifications; whereas, for surface bursts, the reduction di-
rectly attributable to overhead cover is less. The first limit in the
protection afforded by covered shelters has been gamma radiation.

Although the gold neutron flux does not decrease appreciably
with depth in an open fortification, there is a marked decrease in for-
tifications having a concrete cover. Suiphur neutron flux does decrease
with depth in open fortifications and is further reduced in fortifica-
tions having a concrete cover.

4.1.4 Generalization of the Present Results

The following generalizations can be made from the observation
of the effects on overhead cover in this test:

Fortification covers located flush with grade level are primar-
Ily damaged by diffraction-type leading. When located above grade level,
cover components may be seriously disarranged by the dynamic pressure;
however, the hyslcal breaking of timbers and materials themselves is
still a result of diffraction loading on the cover. Disarrangement be-
"gins to appear at dymmic pressures as low as 0.7 to 1.6 psi, and is
dependent upon the design and the quality of workmanship going into the
joints and fastenings.

For both above and below grade covered fortifications, the longer
spanned, horizontal supporting members limit the strength of the cover's
resistance to diffraction loads. The posts supporting these caps are
relatively invulnerable to damge from loads on the cover; and, if the
soil is at al1 stable, they are better sunk into the soil than set on
timber footings or spreaders. Light top filler Materials, such as chicken
wire and burlap or pasteboard, corrugated iron, 5/S" plywood, and 1V z 6"
lumber, when supported at about 21 ft intervals and covered with loose
earth, are not seriously dasaged by the diffraction load on the cover
at a peak overpressure of 25 pst.

There is no serious fire hazard created by using timbers end
other lighter materials in fortifications. The primary damage from ther-
mel radiation is the burning of directly exposed sandbags. Those sand-
bags covered with small amounts of loose earth are not damaged.

4*.2 NEr~~T

4,2• 1 Test Results, Shot 9

The reveteents were constructed with a few inches of very loose,
tim earth be ektill between them and the solid earth walls. Although
this looee caterial say have acted as a buffer, the effect was not
apprent.

(uerally speaking, all kind. of revetments held up well, there
being no failure directly attributable to a lack of strength in the
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materials themselves. The chicken wire and burlap, chicken wire and
pas•-•board, and corrugated iron revetments showed a tendency to bulge
in •• but not rupture. There were several instances in which these
type of revetments pulled loose from their supporting timbers; however,
in : h instance, examination showed that they had not been well attached.
The plywood revetments did not bulge inward as much as the others and
were affected less by the quality of workmanship. The l"x6" and 4"x43
timber revetments were not damaged at all by the blast. Considerino
general strength, simplicity of quality construction, and dependability,
the l"x6" and 4"x4" timber revetments proved to be superior to other
types.

While ;he lighter materials were successfully used for the revet-
m•.. or the main walls of the fortifications, they pro7ed to be unsa is-
factory, and in some cases hazardous, when used as revetment for thi gun
mount platforms in the machine gun emplacements. Only the l"x6" and 4+'
4' timber revetments held these earth platforms in place satisfactorily.

/.2.2 Test Results, Shot 10

An revetments except those constructed from 4/"x4" timbers failed
completely. The 4"x4" timber revetments were supported by po3ts at about
3 ft intervals which yielded to varying degrees to the lateral earth
forces. Although the 4"x4* revetment timbers bowed in accordingly, they
did not break; and each wall remaired intact. It appeared that had the
posts remained rigid and unmoved, the 4"14" timber revetments would have
held satisfactorily.

4,203 Ganeralization of Past Results

There is little information available from past tests on the
reaction of various types of revetment to an atomlo explosion. It has
been generally concluded that all normal types of revetment are adequate
for military use, that revetments permit fortifications to hold up at
such closer distances to ground sero than do the unrevetted fortifica-
tions, and that soil structure is a major factor determining how well
unroevetted walls will withstand a blast. One-inch lumber and chicken
wire and tarpaper revetments have been used successfully at ranges w!ýere
the peak air overpressure was about 15 pal.

4.2.4 Ganeraliation of the Present Results

Diaphragm type revetments such as those constructed from chicken
wi and burlap, chicken wire and pasteboard, corrugated iron, and ply-
wood my be sucoesstully used at ranges from air bursts where the peak
air overpresures are about 21 pal provided that care ts taken to attach
them well to supports spaced about * ft apart and provided that they
Ma not depended upon to add streng or stability to the overall nbasi•
stmutare.

Considering general strength, simplicity of quality construction,
and dependability, the lP6' and 4 "4 'N timber revetments are superior to
the *then. Rigidly supported at about 3 ft intervals, a 4*z44 timber
revet"aUt appears to have sufficient strength to stand up at a range from
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an air burst where the peak air overpressure is of the order of 300

psi.

4.3 ENTRANCES AND APERTURES

4.3.1 Results

The entrsnces to the mchine gun emplacements and comand posts
used in this test were purposely kept simple and direct. More elaborate
entrance construction would not have added much to the value of the over-
all test; because, structurally, entrances fall within the revetment and
overhead cover study and otherwise are tied in with protection from
physiological effects. Although simple and unrevetted, the entrances
used in this test did lend weight to various observations made in the
tests summarized in Chapter 1. To save repetition, generalizations of
the effects on entrances are not presented here but are incorporated
into the discussion in the following section in that they substantiate
tUe emphasis placed on some of the past observations.

The machine gun emplacements were constructed such that there
was no chance of direct thermal radiation entering the firing aperture
in Area 3.9-B. However, the thermal radiation entering this aperture
after reflecting from the ground in front of the emplacements was of
sufficient intensity to burn burlap on the back walls inside the forti-
fications.

4.3.2 Generalization of Past Results

The entrance constructi-ou of most structures has been consider-

ably weaker than the structure proper and has been almost invariably
the limiting factor in blast resistance.

Scorching of parts of e-trances not directly exposed to thermal
radiation has indicated reflection of some magnitude; hoeever, those
entrances requiring reflections of thermal radiation to enter the struc-
ture proper have successfully shielded the Interior from high values of
thermal radiation.

Dirvetly exposed sandbags burn and rupture, spilling their con-
tents. The use of such sandbags adjacent to entrances has invariably
resulted in the partial filling of the entrances with loose earth and
damaged abads.

Cutting an entrance into a covered fortification can remove a
great deal of the earth shielding against gamma radiation and can

eatly reduce the nuclear radiation protection otherwise offered by the
addition of overhead cover.

&.4 (4MRAL ., 0BSVATI0

The Importance of proper design and high quality construction is
highl magnified by the nature of the traees resulting from an atomic
ezplosicn; and, if the construction plans for a strcture do not ade-
qiately pgesent all detail, imparvieatione on the part of the construc-
tewo ane not likely to be in favor of the structure's resistance to
atomic effects.
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II

CHAPTER 5

CONCLUSIONS AND RECO'1M4MDATIONS

5.1 CONCLUSIONS

The following conclusions represent a consolidation of the more
certain observations made in past reports with those made in this test.
Conclusions concerning damage probability are presented in Appendix G.

5.1.1 Overhead Cover

The covered shelter affords greater protection against atomic
effects, particularly nuclear radiation, than does the uncovered shel-
ter. For air bursts, overhead cover greatly reduces gamma radiation
doses within fortifications; whereas, for surface and subsurface bursts,
the reduction directly attributable to overhead cover is less. In ven-
oral, the lethal radius of nuclear radiation has been greater than ".-e
lethal radiuo of other effects in both open foxholes and covered shel-
ters.

As t elevation of the cover is Increased with respect to the
natural grade level, large and increasing amounts of loose earth are
subject to removal; and there may result an appreciable increase in the
measured gamma doses within the structure, since in many situations the
blast wave passes before all of the nuclear radiation is absorbed.

The effect of blast on overhead cover construction depends u-on,
among other things, the structure's elevation vith respect to natural
grade level. Fortifications that have their total profile flush with
Vide level are subject to loads which tend to rupture the longer s3ins
of the horizontal supporting memb-'rs by pushing downward on the cover;
vhereas, those fortifications having their cover structure above grade
level are not only subject to this diffraction load but are also subject
to drag type loads which tend to disarrange and remove entire cover
structures or parts thereof. P

Light top filler materials such as chicken wire and burlap or
pasteboard corrugted iron, plywood, and 1 in, lumber, when supported
at about A ft centers and covered with loose earth, ar sufficiently
strong to withstand diffraction loads on the cover to fortifieatiins at
a peak overpressure of 25 psi. However, as pointed out above, the mem-
bers acting as supports for these materials are subject to failure.
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Posts used to support the cover are relatively invulnerable to damage
and, if the soil is at all stable, are better sunk into the soil than
net on footings or spreaders.

Overhead cover structure suffers less damage from diffraction
loads when covered with earth. Although the exact physical nature of
the phenomenon has yet to be resolved, it can be stated generally that
earth effectively adds mass to supporting members, increasing the time
of response to impact loads; and, if of substantial thickness, it effec-
tively absorbs some of the energy of the blast wave. The results of a
r%¢ent s*UdLy of earth cover should be consulted when they become avail-
able (11).

5.1.2 Revetment

Because of the unknown nature of the transmission of a shock
wave through earth and of the loading of structures by such a wave,
required revetment strength is based more on experience than theoreti-
cal calculation. Soil structure has been a major factor determining
how well unrevetted walls withstand a blast; however, it has not yet
been shown to affect success ot revetted walls. In general, the forces
applied to revetments have been considerably less effective than those
applied to cover structure by a blast, and relatively liz t revetment
construction has been successful.

Light filler materials, such as chicken wire and la or paste-
board, corrugated iron, and plywood, when supported at about ; ft in-
tervals, are sufficiently strong for revetting purposes at r ages where
the peak air overpressure is 25 psi. However, they cannot be epended
upon to add strength or stability to the overall structure; and they are
subject to failure resulting from a lack of quality workmanship n the
ties between them and their supporting structure. Considering ge eral
strength, simplicity of construction, and dependability, these ma ials
are inferior to l"x6" and 4"xU" timber.

5.1.3 Entrances and Apertures

The protection from nuclear radiation afforded by covered forti-
fications can be reduced by entrances and other apertures. By removing
part of an earth wall, an entrance can remove a great deal of the earth
normally shielding against nuclear radiation, and thus substandally
depreciate the additional nuclear radiation protection otherwise offered
by the use of overhead cover. The inclusion of firing apertures neces-
sitetes that a covered fortification be partially above grade and com-
plicates the proble! of obtaining effective earth cover.

Scorching of parts of fortifications not directly exposed to
thermal radiation has indicated reflections of some magnitude. However,
by constructing entrances to require at least two reflections of thermal
radiation to enter the structure proper, the interior of a fortification
can be successfully shielded from nigh values of thermal radiation.

The use of directly exposed sandbags adjacent to entrances re-
silts in the partial filling of the entrances with loose earth spilled
from burned sandbags.

There is a tendency to slight the design and constrwition o.

SECRET- RESTRICTED DATA



entrances. Aside from nuclear and thermal radiation considerations,
entrance construction has been generally the weakest point of blast re-
sistance in past tests. Structurally, entrances fall within the revet-
ment and overhead cover study, and their proper construction is as im-
portant as that of any other part of a fortification.

5.1.4 General

There is no serious fire hazard created by using timber and
other lighter materials in fortifications. The primary damage from
thermal radiation is the burning of exposed sandbags, which are then of
no value for holding their contents in place. Those sandbags covered
with small amounts of loose earth are not damaged.

The importance of proper design and high quality construction'iare highly magnified by the nature of the forces resulting from an

atomic explosion; and, if the construction plans for a structure do not

adequately present all detail in a simple and direct manner, improvisa-
tions on the part of the constructors are not likely to be in favor of
the structure's resistance to atomic effects.

Although large quantities of field fortifications have been sub-
Jeeted to atomic exposions, most of these weý-e part of the DESERT RCCK
1"rcise , whose mission did not include obtaining detailed effects in-
formation but was pointed toward troop indoctrination and orientation.
Practically all of the certain quantitative measurements made inside
fortifications in the past are confined to gamma radiation--most other
instrumentation being either unsuccessful or non-existent.

5.2 RECOCENDATIONS

That the information presented in this report be included in
appropriate field manuals for use in reducing the vulnerability of field
fortifications to the effects of atomic weapons.

That no future tests be conducted on standard (F0, 5-15) fi"'.-
fortif,.cations for the purpose of obtaining qualitative informaticn on
their vulnerability to atomic weapon effects.

That balanced fortification designs be made by competent per-
sonnel who are familiar with the nature of the forces and radiation
phenomena resulting from an atomic weapon detonation. As used here,
"balanced fortification design" is intended to imply a design which
reaches Its limits in protection from all atomic effects, including
structural failure of all parts of the fortification itself, at approx-
imately the same range from the explosion, and in which there is a
weighted compromise between atomic protection, conventional weapons
Protection, and practical military requirements such as drainage, lim-
Ited materials, and simplicity of construction.

That, in the event suitable balanced designs are evolved, accept-
'nec of these improved fortifications be held mubJect to final testing.
That, in testing these finished designs, the construction of the test
fortifications be closely supervised by those who are to analyze the
results, that their interior be well instrumented for air pressure,
gamma radiation, neutron flux, and thermal radiation, and that they be
located at such distances from the explosion that their actual limit
In structural strength and protection from atomic effects is realized.
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PART II

PRESSURE WEASURMENTS IN FIELD FORTIFICATIONS

CHAPTER 6

INTRODUCTION

* 6.1 OBJTIMS

The, objectives of Part II of Project 3.9 were as follows:
1. To determine the magnitude of overpressure build-up within

open two-man foxh:oles., a co~and post,. a machine gun emplacement, and
a covered foxhole.

2. To observe the pressure-time characteristics of the blast
wave within two-=an foxholes such that a preliminary understanding of
the method of the cierpressure build.-up is achieved.

3. To discuss the variables that were observed affecting the
overpressure build-up In emplacements.

6.2 BLCKGROMM

The reflectirn characteristics of pressure waves incident an
plane surfaces have been studied extheaively in the region of nach re-
flection. Los Ala~oe Scientific Laboratory has published reports (12,
13) which include experimental and theoretical investigations of these
phenomena. The mchanism of shock front propagation over a rectangular
opening below a plaza surface bas been investigated by Ballistic Res
search lAboratories(t4) and Princeton Univerueity(15). These Investiga-
tions fan the basis of much of the theory of this report.

Mrir to UPSEO-INOTHOLE, there were no field test results pub-
lebed showing either peak pressures ior pressube-time variation In field
fortifications.

6.3 M~
The mcbhanis ofe reflction of a blast wave from a plane surface

Is described In...he1ff.cts of Atonic Vearonot where It Is shown that
the reflection coefficient (ratio of reflocted to incident overpressure)
ot a blast wave on a rigid surface Is a function of the incident over-
*pressure and the angle of incidence. This is shown I e Fig. 6.1, which
was adopted from, The Effects of Atomic W on . The incident over-
preseures used in the fig-m were chosen to be close to those which
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Pr - Reflected
P 23 overpressure (PSI)3Pf - Free Air (Incident)

I Overpressure (PSI)
__4__ 0 - Angle of Incidence
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Fig. 6.1 Relation Between Incident Overpressure, Angle
of Incidence, and Reflected Overpressure

were experienced during the test. Each curve shove a discontinuity at
some point which seems to be a peak. The area to the right of this dis-
continuity is the region of Mach (irregular) reflection, while the left
exhibits regular reflection. The curve is experimental; and, as more
information becomes available, the discontinuities may be minimized.
It serves to illustrate, however, that reflection coefficients of more
than three can be expected under certain conditions.

Figure 6.2 is a cross section of a foxhole-type cavity showing
the passage of a blast wave across a point "A" which is significant
because it is in the same relative position as the Viancko pressure-
tim gages used in this experiment. This and the following figgres
were based on shadowgraphs of shock tube studies made by BRL. rigure
6.3 shows the blast wave advanced slightly further and illustrates the A

passage of a second (reflected) blast wave, over the point "A." Figure
6.4 shows the blast wave in a further stage of advancement. Figures
6.5 and 6.6 illustrate how two more distinct reflected waves pass
through the point "A.' It follows that the time-overpressure relation
in the cavity should have characteristics similar to Figure 6.7.
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Fig. 6.3 Propagation of PreIure Waves in Foxhole - Time 2
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Fig. 6.5 Propagation of Pressure Waves in Foxhole - Time 4
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Fig. 6.6 Propagation of Pressure Waves in Foxhole - Time 5
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Fig. 6.7 Ideal Time-Overpressure Relationship in Cavity

The magnitude and time of the various steps in Fig. 6.7 depend
Supon such variables as the angle of incidence, incident overpressure,

dimensions and aperture-volume relationship of the cavity, and position
of point "A." The various surface irregularities, surfaces which are
not perfect reflectors, and the interaction with the sidewalls will also
tend to modify the shape of the cumve. Because of the dependence of
the wave propagation on the above-mentioned factors, the reflections
shown in Figs. 6.2 to 6.6 give only an Idealized representation of an
actual situation.
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C kAPT 7

EXPERINET DESIGN

7.1 TEST STRUCTURES

The test facilities for Part II of Project 3.9 consisted of eight
structures: four u-covered 2' x 4' x 6' foxholes; one 2' x 4' x 6' fox-
hole in which the aprture was two-thirds covered; and one each cor--nnd
post, Mahine gun e.placement, and covered foxhole. The latter three
were concurrently used for the blast section of Project 3.9, and their
physical appearance is fully described therein. They were emplacements
20, 25, and 30, respectively.

A diagram of the test site layout is given in Appendix A. The
position of emplacements 20, 25, and 30 is given in Appendix B.

"7.2 INSTRU1MNTATION

Indenter peak pressure gaes(1O) developed and supplied by NOL,
were used to obtain the peak overpre9sure in all of the emplacements.

Wlanoko pressure-time gages (16,17) were used to obtain the time
dependence of the overpressure as received in the foxholes. These were
supplied and calibrated, and the traces were interpreted by NOL.

Pmeasure-tim, scratch gages were used in the foxholes during
Shot 10. They were supplied, calibrated, and their traces were inter-
pasted by BRL.

Diagams hOoing the placement et each gage are given in Figs.
8.1 to 8.8. The figures are placed, as a convenience to the reader,
with their corresponding data sheets.
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C9APTER 8

RESULTS

8.1 INTRODUCTION.

The positions or the indenter, scratch, and Wiancko gages for
each foxhole and emplacezent are given in Figs, 8.1 to 8.8, which are
development drawings of the emplacements. The smallnumbered circles
each represent an indenter gage position. The larger circles, with
such notations as $-I or 1--1, represent scratch and Wiancko gages re-
spectively. No dizensions are shown in the figures; however, they were
drawn to scale to facilitate the exact location of the gage positions.

8.2 F ENTATION OF DA

Tables 8.1 to 8.8 are the results of all of the gage readings
from each emplacement. The definitions of the headings of the tables
are as follows:

Pgl - Ground level overpressure (psi).
d - Average of a series of readings of the diameter of the inden-

tation in copper disk (L.illimeters).
k - Calibration factor - 82.6 pTi/d 2 .
Pax - ximum overpressure - kd2 (psi).
Figures 8.9 to 8.2h are the pressure time curves obtained from

the liancko and scratch gages. Their peak overpressures are given in
Tables 8.1 to 8.5.
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TABtE 8.1 - Overpressure Readings in Foxhole 1

round Level Overpressure: Shot 9 - 7.8 psi; Shot 10 - 4.6 psi

Shot 9 Shot 10

Position d dave Pmsx Pnsx/Pg1 d dave Pmax Pmx/Pgl

1 0.299 0.251
2 0.287 0.307 7.8 *1.00 0.234 0.237 4.64 *1.01
3 0.335 0.225

4 0.379 0.306
5 0.386 0.389 12.5 , 1.60 0.474 0.305 7.68 1.67
6 0.401 0.303

7 0.405 0.304
a 0.389 0.397 13.0 1.67 0.299 0.300 7.44 1.62
9 0.398 0.297

10 0.337 0.312
11 0.432 0.385 12.2 1.56 0.308 0.310 7.94 1.72
12 0.387 0.309

13 0.411 0.302
U 0.621 0.493 20.1 2.57 0.439 0.347 10.0 2.17
15 0.44 0.299

16 I0.314 0.321
17 0.378 0.379 11.9 1.53 0.304 0.296 7.25 1.58
I 0.376 0.263

19 0.412 0.293
20 0.418 0.4u 14.1 1.81 0.312 0.300 7.44 1.62
2! 0.412 0.296

22 0.301
23 0.304 0.305 7.85 1.71
24 0.311

* QK poultitw 1t 2v and 3 were at pround love'
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TPiIZ 8.1 (Coutimed) - Ovrpmosw Raing In 70hole 1

fteShot 9 shot 10

Position d dave Pmx Pmx/Pgl d dave Pmx Pmix/Pgl WW

25 0.302
26 0.307 0.298 7.34i 1.60
27/ o.286

2 0.303
29 0.381 0.349 10.1 2.20
30 0.362

31 0.'295
32 0.299 0.291 7.00 1.52
33 0.278

34 0.356
35 0.238 0.293 7.09 1.54
36 0.284

37 0.275
38 0.321 0.296 7.25 1.58
39 0.291

40 0.273
41 0.265 0.284 6.67 1.45
42 0.313

43 0.293
4 0.292 0.293 7.09 1.54
45 0.302

WWI - 14.6 1.87 -m N.. -

Smi - 8.1 1.76
8-2 9.0 1.46
8-3 - - 8.7 1.89
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TABIZ 8.2 - Overpressure Readings in Foxhole 2

Ground Level Overpressure: Shot 9 - 7.8 psi; Shot 10 - 4.6 psi

Gage Shot 9 Shot 10

Poition d dave Psx Pmx/Pgl d dave Pmax PRmx/Pgl

1 C.375 0.300
2 0.397 0.380 11.9 1.53 0.293 0.294 7.14 1.55
3 0.367 0.288

4 0.382 0.301
5 0.433 0.401 13.3 1.70 0.243 0.261 5.64 1.22
6 0.389 0.240

7 0.281
8 0.301 0.290 6.95 1.51
9 0.284

10 0.370
11 0.378 0.374 21.5 1.47
12 0.373

13 0.276
U 0.285 0.286 6.75 1.47
15 0.296

16 0.285
17 0.284 0.288 6.85 1.49
18 0.295

19
20 0.303 0.24 6.67 1.45

21 o.265

1-2 - 13.9 1.78 - - 7.9 1.72

51.1 - 8.8 1.91
5.2 - - 9.1 1.98
S . - - 8.5 1.85
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TABLE 8.3 - Oerpraesstw Readings in Foxhole 3

round Level Overpressure: Shot 9 - 3.8 psi; Shot 10 - 1.8 psi

Shot 9 Shot 10

Position d dave Pmx ?ar/Pgl d dave Pwnx Pma/pg1

1 0.270
2 0.273 0.270 6.0 1.58
3 0.268

4 0.259
5 0.275 0.270 6.0 1.58
6 0.275

7 0.262
8 0.285 0.270 6.0 1.58
9 0.263

10 0.219
U 0.215 0.218 3.92 *1.04
12 0.220

W-3 7 1 6.2 1.63 1 - 3.0 1.67

S(kVg positions 10, U, and 12 were at ground level.

TABLE 8.4 - Oerpreswire Readings in Foxhole 4

.ound Level Owerpressuret Shot 9 - 3.8 poll Shot 10 - 1.8 psi

(k•s Shot 9 Shot 10

Ptition 6 dave PaZ PM/gl d dave PMZ Pm=X/l

1 0.2651
2 0.283 0.275 6.3 1.66
3 0.277

64 6.3 1.66 - 2.8 1.55
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TABLE 8.5 - Overpressure Readings in Foxhole 5 (2/3 Covered)

Ground Level Overpressure: Shot 9 - 3.8 psi; Shot 10 - 1.8 psi

Gage Shot 9 Shot 10

Position. d dave Pmax Pmax/Pgl d dave Pmax Pxl/Pgl

1 0.249
2 0.242 0.242 4.8 1.26
3 0.235

W-5 - - 5.5 1.45 - 2.8 1.55

TABLE 8.6 - Overpressure Readings in Command Post

around Level Overpressure: 23 psi

Gage Shot 9 3hot 10

Position d dave Pax Pnmx/Pgl d dave Pik.x Pix/Pgl

1 0.457
2 0.430 0.4•2 16.1 0.7003 0."•0 Not used

4 0.427
5 0.440 0.434 15.5 0.675
6 0.44U

7 0.454
8 0.462 0.449 16.7 0.725
9 0.432

10 0.438
u 0.420 0.422 14.4 0.625
12 0.408

13 0.448
14 0.430 0.435 15.6 o.67
15 0.426

16 0.453
1v 0.420 0.438 15.9 0.691
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TABLE 8.7 - Overpressure Readings in Machine Gun Emplacement

Ground Level Overpressure: 23 psi

Gage Shot 9 Shot 10

Position d das Pmx P=zx/Pgl d dave Pmx PfX/pgl

1 0.5572 0.572 0.555 25.4 1.10
3 0.537 Not Used

4 0.577
5 0.571 0.572 27.0 1.17
6 0.568

7 0.619
8 0.605 0.639 33.7 1.47
9 0.692

10 0.578
11 0.561 0.573 27.1 1.18
12 0.579

13 0.535
U 0.536 0.545 24.5 1.07
15 0.563

16 0.531
17 0.555 0.547 24.7 1.06
IS 0.556

19 0.529
20 0.518 0.529 23,0 *1.00
21 0.41

* (k positions 19, 20, and 21 were at gound level.
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_Ground level 0verpressi : 23 psi

Gpshot 9 shot 10

Position d Jdave Pmax Pnax/Pgl d dave{Pmax Pmax/Pg1

1 0.529
2 0.531 0.528 23.0 1.00
3 0.526 Not Used

4 0.536
5 0.545 0.537 23.8 1.04
6 0.529

7 0.528
8 0.545 0.532 23.4 1.02
9 p523______ ___
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CHAPTER 9

DISCUSSION

9.1 INTRODUCTION

To attain a complete understandinrg of the nature of overpressure
multiplication (build-up) in a field fortification, it is necessary to
deter-.ine such things as the effect of the size, geometry, and orienta-
tion of the emplacement; of the overpressure region in which the em-
placement is exposed; of a partial cover; of an object, such as a sol-
dier, in the emplacement; and of the material of the walls and ficor.
The design of this experiment included an insufficient amount of in-
strumentation to isolate these with certr nty. Certain trends in mul-
tiplication and response cf the inrotru.ents are indicated, and an in-
troductory attempt is made to determine the significance of covers on
the emplacement.

The function of a field fortification is io protect the individual
soldier. Therefore, the results of this Lype of experiment should be
integrated with the physiological effects of the overpressure on the
individual soldier. Until this can be accomplished, the protective
valu of field fortifications from shock phenomena cannot completely be
determined.

9.2 lPSTRUMNTATION

9.2.1 Waenko Gages

The traces of the Wiftmko pressure-tim gages given in Pigs.
8.9 to 8.20 ae of sufficient defi.4tion to enable a general veritica-
tins of the predicted method of overprescure build-ur, in the emplacement.

eallyp the overpressure build-up Inan emplacemert should

follow the characteristics shown in Fig. 9,7p showing three and possibly
"or distinct *steps* in the process. ENa-mrAtion of the Wlancko gage
traces revealsi that the initial bulld-up ts indeed characterized by a
series of "steps. Fahb trace for both shot& for foxholes I to 4 (those
that were umovezsd) sbewa at least two of these steps, the presence of
which indncates that method ef build-up described in the theory section
of this report is valid, at least to the point where the third or poe-
sibly fourth pressure wave travels past the instrument.

8S
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The rise times from first initiation of the shock wave to theI
highest peak varied from 5 to 10 milliseconds (ma), differing consider-
ably from the almost instantaneous build-up recorded at the surface.
The duration of the first pulse was 10 to 20 ms, depending upon the em-
placement. It is important to determine whether rise times and dura-
tions of '.his magnitude are physiolcgically dangerous.

The significance of the oscillatory nature of the traces after
the initial peak is not known; boyreverv certain general observations
about them can be made. The period of the oscillations for each fox-
hole, whether oriented parallel or perpendicular to the blast, was
between 16 and 22 ms, with most near 20 ms. The oscillations in the
2/3 covered emplacement were less evident than those recorded in the
uncovered emplacement.

9.2.2 Scratch Gages

For Shot 10, foxholes 1 and 2 were further instrurnented with
scratch gages sucei that a pressure-tine record on the walls of the em-
placement could be obtained. The examct location of these gages is given
in Figs. 8.1 and 8.2.

The traces of the scratch gages sho~rn in Fig. 8.21 to 8.24 com-
pare favorably with the Wian~IokCt* =1q I A
sure and times of the peaks are conicerned. The sensitivity of these
gages, however, was not sufficient to record the "steps" in the initial
rise, Some slight variation in the time of the initial peaks was ob-
served from gage to gage. It Is felt that this was caused by the loca.
tion of the gages in the emplacement. The gages S-1 and S-5 failed to
operate except for recording the peak overpressure.

9.2.3- Indenter Gages

The indenter gages were used to augment the overpressure deter-
mizations made by the %Iancko-and -'cratch gages, in order to determine
whether any areas of. unusually high overpressure existed at any point
withi~n the emplacements. For Shot 9# all of the emplacements were In-
strumented; while, for Shot 10, foxholes 1 and 2 wer, instrumented ex-
tensively with no Indenter gages in the additional (,,placements.

'The peak overpressure values, as measured with the indenter
gagesp, tended to recaln, relatively even throughiout the emplacements.
Where there was a considerable increase at some point, It is uncertain
whether the metr, =I1tplication was *aused by a high overpressure

a ixr iu

lit coMrnlaw iz# a gage; because. the increase was often not demonstrated
for- both shots Inth same emplacerent or irn emplacements In the sam

rentation. In all cases, the a verae of all, the peak overpressure#
as T aseuredt b the indenter pggs was within i 15 per cent on that
seasued by: the aiatko gage. It is felt that indenter gage s were dut-
fioienthy aunat and consistent for this experiment.*

9.3 PUTKR1tYTIOU

"ab2e 9.1 Is a e oadensatio d of the ta obtainedraons the Wianhko
ges reatIng the oveaeewssure le tiplications Incident ohre pressure,
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aperture, volume, and the aperture-volume ratio for each emplacement.
Data from the mehine-gun emplacement and covered foxhole are not in.
eluded in the subsequent discussion, because it was deemed that the type
of cover used on these was not consistent with those used on the other
emplacements. The remaining data give an indication of the importance
of some of the parameters which affect the overpressure multiplication.

Plotting overpressure multiplication as a function of incident
overpressure (Fig. 9.1) indicates--at least, in a preliminary nature.-
that the multiplication will increase with increased incident overpres-
sure. Before a more reliable curve can be established, however, it is
necessary to obtain a greater range of points on the graph.

Figure 9.2 shows the overpressure multiplication plotted as a
function of aperture-to-voluze ratio. The points are connected by a
dotted line which serves only as an indication of the trend. A more
definite relation could not be established; because, as is seen in Fig.
"9.1, the overpressure multiplication is also a function of incident
overpresstue. Had t;here been more command posts and type 5 (2/3 covered)
emplacements placed at various overpressure regions, it may have been
possible to draw a series of curves similar to the dotted ono shown inFig. 9.2, each for a different incident overpressure.

The available data illustrate, however, that the overpressure
multiplication within these emplacements is related to the aperture-to-
volume ratio such that, as the aperture-to-volume ratio increases, the
overpressure multiplication will also increaee.
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CHAPTER 10

CONCLUSIONS AND COUINDATI0N

10.1 CO MMSIONB

During this test, the overpressure multiplication as measured
by the Wiancko gages in the open ,two-=an foxholes was between 1.87 and
1.55; and the corresponding values for 2/3 covered two-man foxholes
were between 1.45 and 1.55.

Instrumentation on the walls and floors of these foxholes indi-
cates few overpressures unusually higher or lower than those indicated
above.

A method of overiessure build-up in a foxhole has been pre-
dicted and verified with fair certainty.

The principal variables concerning overpressure multiplication
in an emplacement are the incident oerpressure and aperture-to-volume
ratio.

10.2 OOMMNDATIO0

Until the physiological significance to a human of overpressure
with popertiee similar to those shon in the Wiancko gage traces is
determined, it is recommended that no further full-scale field tests of
these penomena be attempted.

If further testing, whether laboratory or field, is warranted on
the basis of the considerations delineated above, it is recommended that
sore data be obtained to fully determine the effects of incident over-

vseure and aperture-to-volume ratio on the overpressure multiplica-
tion, and that an attempt be made to determine whether orientation,
muterials ot the walls and floor of the emplacement, and some object in
the emplacement will markedly change the overpressure multiplication.

SECRET- RESTRICTED DATA



MET III

mw

REFIECTED TEER!L RADIATION IN POXHOlES

OV

CHAPTER3.1

INTRADUCTION

11.1 OBJECTIVES

The objectives of Part III of Project 3.9 were to measure the
tbermil radiation from an atomic bomb in the shadowed portion of a stan-
dard, 2' x 41 x 61, two-man foxhole; and to determine a method of scal-
lng such that the reflected therral energy in a foxhole may be predicted
for any atomic weapon yield, height of burst, distance from ground zero,
and reflectance of exposed wall.

11,2 BLC XGROUM~

Durirg the DESERT ROCK operations(l8), much work but little cocr-
relation was done to illustrate the gross effect. of a nuclear detona-
tion on field fortifications. These emplacements, in general, were con-
structed to *illustrate effects g~raphically to the troops participating
In the operation, with little or no attempt at instrumentation or record-
Ing of reselts. The blast and overpressure sections of this report have
attempted to obtain more definite information on blast effects.

leasurements have been made of the gamma radiation intensity and
the neutron flux in a standard two-can toxhole(6,19.

The prot~ective valu, of standard field emplacements from therul
radiation has been Illustrated qualitatively in the DESERT ROCK opera-
tionsl and It has been generally agreed that adequate proteotton Is
afforded except in extreme conditions where a large portion of the em-
placement Is directly exposed, In a quantitative sense NWM instrumented
one tfcthle with passive thermal Indicators for one shot of the BUSTER
series. Eighteen cal/c~m2 were received on the directly exposed wall,
"but little measurable reflected energ was received on the .nexposed
walls wo floor(20).

Little mane than this was ]mown about the reflected thermil energy
within an emplacement, which lndCoated a need to determine this quantity,
and to develop means of scaling this Information to many conceivable
operational conditions,
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11.3 THEORY

The successful completion of an experiment of this type depends
upon achieving a balance between the actual conditions experienced by
the soldier in combat and modifications which are necessary to provide
convenient, reliable experimental measurements. During the conduct of
the field test, these modifications Should be kept at a minimum, provid-
Ing accurate operations are not impaired.

To accomplish the objectives, a series of foxholes representative
of the basic type of emplacement most used in combat were instrumented.
They were lined with aluminum which was treated with an "Alzak" process,
giving the surface high diffuss reflectance characteristics (21). (Aver-
ages 70.7 per cent over the 400 to 1100 micron wavelength range.) This__
material was chosen because polar reflectance curves of sand and soil -~

indicate that they are essentially diffuse reflectors, and the walls of
the foxhole should have similar reflectanecbawwacteristics(22). Alumi-
num was used because it was desirable to have a reflector whose charac-
teristics would remain unchanged through the entire ther~al pulse. This
generally would not be the case for paints or most otherwise suitable
diffusely reflecting surfaces. 1

Briefly., a diffuse reflector is one in which the energy intensity
measured at any angle from, the nor 1 to the reflecting surface is pro-.
portional to the cosine of this angle multiplied by the intensity of the

IS ~reflected eneru7 in the norma~l direction. In mathematical form:

, an C

where le a energy intensity at angle 0 from th~e normal to the
surface

and In a energy Intensity in normal direction to the sur-
face.
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CE&FTER 12

aEa!sRINIT DESIGN

12.4 MEA L

A series of 22 two-man foxholes instrumented to measure thermal
energy were exposed to Shots 9 and 10. Each was lined with aluminum
sheet, the surface ef which was treated to be a diffuse reflector, and
was oriented for each shot such that the direct thermal energy was inci-
dent either 1 ft, 2 ft, 3 ft, or 4 ft down the directly exposed wall, or
2 ft across the floor. This was accomplished by placing all foxholes
(except those used for calorimeters and scaling) in the same immediate
area and orienting each one in the ground at an angle such that the
desired amount of back wall was directly exposed as shown in Figs. 12.1
and 12.2. The area around the foxholes was subsequently stabilized to
minimize preshock dust, an effect which will vary considerably with soil
conditions.

12.2 TEST SITE LAYCUT

Eighteen foxholes were placed 4000 ft from estimated ground zero
on the East-West blast line, two were placed at 6000 ft, and one at
8000 ft from planned ground zero on the Forest Service Line.

A diagram of all Project 3.9 emplacements is given in Appendix A.

12.3 IDTRUMMTATIC5

Each foxhole was instrumented with an array of passive indicators
placed to provide measurements of the thermal energy distribution for
each orientation (araa of back wall exposed). For those emplacements
in which the long (6 ft) edge was prpendicular to a radial line from
the bomb, measurements were taken along a vertical line 1 ft from the
directly exposed wall. When the long (6 ft) side was parallel to a
rad'Al line from the bomb, measurements were made along vertical lines
I* ft$ 3 ft, 4 ft, and 4* ft from the directly exposed wall and along

bcrisontal lines 1 ft, 2 ft5 and 3 ft from the top of the foxhole. To
eliminate shielding of the passive indicators by the supporting frame,
a series of foxholes were often necessary for each orientation. The
purpose of each Is given In Appendix 1, and was the same for each shot.
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Furtheruore, at the 6000 ft and 8000 ft stations, calorimeters
were utilized to measure the reflected thermal energy. They were placed
parallel to the passive indicators in order to obtain a direct compari-
son with the total energy as measured by the passive indicators.

12.4 T0ERMAL INDICATOS

The passive indicators consisted of carbon paper', U-6 liquid yes-
icant detector paper, black matt paper, cherry bond paper, and buff bond
paper which rere developed and supplied by MAL. These react to various
therml energies from 0.45 cal/cmz for the U-6 liquid vesicant detector
paper to 14 cal/cm2 for the buff bond paper. They were cut into i in.
wide x 12 in. long strips and mounted with cellophane tape on j in. x
3 5/8 in. x 12 in. plywood panels. With the necessary space between
passive indicator strips for firebreaks, it was possible to mount four
strips per plywood panel. The panel assembly was then painted with an
acryloid gloss type fire-resistant paint exposing eight evenly spaced
j in x 3/4 in. "windows" per indicator strip. For certain applications,
panels 9 1/8 in. long and 2 in. long were assembled.

The calorimeters were supplied by the Naval Radiological Defense
Laboratory. They consisted essentially of a suitably mounted disk-shaped
blackened copper energy receiver with a thermocouple soldered to its un-
exposed face(23). With appropriate recording devices, it was possible
to obtain the time-tempe.-ature characteristics of the copper disk during
exposure. This could then be converted to a curve giving the total energy
received as a function of tire.

b
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CHAPTER 13

RESULTS

13.1 DMT ANALYIS

The reflected thermal energ7 as measured in the foxholes was
made independent of the direct thermAl ensru7 by representing, wherever
there was a passive Indicator reactions the reaction energy as a frac-
tion of tha direct thermal energy. Thus, if the indicator reaction
energy was 5.6 cal/cm2 ,, and the direct energy was 40 cal/cm2 , the frac-
tion Is then 5.6 cal/c; 2 /40O cal/cm-2 a 0.140. In this manner, the data
obtained from corresponding foxholes for Shots 9 and 10 were combined
into a single set of data.

It was necessary, to compensate for variations in wsllarea caused
ty slight errors in orientation of emplacerents and the difference be-
tween actual and planned ground zero. LocordinigJ7.if the exposed area
was p~n ed to be 2 tt 2 q but Was actually7 1.5 ft', the fraction at each

Lndcqbrreaction point was multiplied by 2 ft 2 /1.5 ft,2 a 1.33 to give
the Iraotion bad 2 ft 2 been expo&3d. In addition, this figure was then
witliplied by a cont~tant, factor (1/Rflectancs of aluminum a 1/0.707
1.42) to give the fraction of incident energy had the reflectance of
the vall# been unaity. Appendix F gives the complete thermal data.

13.2 WMMSIVEflDICATC-3

131to 13,12 give the fraction of incident energy witbin
the oahlasa %hnotion of distance from exposid wall at a Particular
depth or as a function of deaptin at a particular distance from the eiposed
Wall,

13.3 CAMRU1ZEM

In each casep the oalortimeters were placed in the foxholes such
that direct cowparison of the total energy as measured by the calorime-
twos and the paseive Indicators onuld be made. The reflected tbermal
enera, as measured by the calorimeters along with their position In
the foaoless, Is given In Tables 13.1 and 13.,2 and Figs. 13,14 and 13.15.
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13.4 ULGNITDE OF INTrRFFIECTION

Figure 13.13 gives the fraction of incident energy as a function
of distance from the directly exposed wall for the 3 ft depth in the fox-
hole. In this emplacement., all of the walls (except that which was
directly exposed) were coated with a low reflectance, flat black caint.

Ground Direction of

Zero lacident Energy

[ nadowed Are

XThermal Ir~dicator
f' roma exposed wall)

Foxhole Cross Section

10.

0.512* Z 3 feet
(Foxhole 14 a~nd.

- ~ ..Shot 9 Foxholel15

0.1

* ... shot 90
0.05 * ...Shot 10 0

1:1 toot

0 (foxhole 12)-

0.01

Distance from top (feet)
?ig. 13.1 Fmactlon of Incident Thermal Energy as a Flanation of Dopth

Ini Foxhole
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;% 'I' from exposed wall

Foxhole Cross Section

0.5 Nýp- 0

6 (Foxhole 21)

A 0.2

q40.1

.4~ x 2 feet
01005 (Foxhole 13 and1

* .. Sho 9&..Shot 9 Foxhole1
"4 .. ot1 .Shot. 1- Poxhol,, 15
=Colorl mtor Dt

0,.02 - _ _ __ _ _

0.01 -_

01 2 3
Distance from top (feet)
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Foxh~le Crass Section

1.0

0.5 C__ m

*0.2
am

0... Shot 9 I's 3 feet
8, spt 10(foxhole 3)

80.05 --d dae a

1 teot
I(foxhole 1 )

0.02
I a fe

0.01 (t'ihole 2)

Distanc from top (et
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Direction of
Ground .~..incident Energy

44

The mal1....

Indicators

(3' from .. N Shadowed Area
exposed wall)

Foxhole Cross Section

1.0 ITrj
0.5

AQ6 m (foxhole 6)

0.2j o 3et

* ... Shot 9 .
a ... Shot 10 0 0'K 1 feet

aL Coo Lmaetr Da L (foxhole 4)
0.02-1

0 ~12
Distance from tp(et

Fig 1*4Fraction of Incident Thermal hnerp
ms a Function of Depth in Foxhole
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Zero Incident Energy
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Ovownd Direction of
Zero Y' u@dent Bnergy
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'ipoed wll ~Shoidowed Area

Foxhole Cross Section
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Grond Directiona of
Zero Incident Ba~rg

44

Shadowed Area :**. ..... :.. 3

Fig. 13jU Foxhole Cross Section

TAqLj 3L3.1 .Cmaori'zeter Results

Shot Distance Fromi ftersy Fraction Correction Corrected
To xoe Wjall Factor Fraction

31 3e' 4.0 283322
3 4.00t 3.70 Ilse .296

33.059 520,5 1.64 '74;

39 3.0' 3.36 .292 .479
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Direction or
Groun *:~.:..Incident Eherty

Zer1.1oobleCos eto

?&I. 3.2- aY.,~ e Calorimet er

3~otDistnceFio, 131 Pomoy Craioss Soection Corte

-Top lExposed Wall IFactor Fraction

9 2 13.37 .280 1.48 9409
... L1 1.35 *112 01__ 184

- I 2.12 .177 1T
10 2 2.54 57 ijI47

32 103 .05300

*Calarimotere facing directly upward.
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DISCUSSION

124.1 GENERAL

The data as give~n in Figs. 13.1. to 13.12 enable the prediction of
the reflected thermal energy distribution in a foxhole f or the f ollow-
Ing conditions:

1. Long (6 ft) edge parallel to a radial line from the bomb and
29 49 6., or S ft 2 of the back wall directly exposed which corresponds

4L ~to the direct energy incident 1, 2, 3., or 4 ft, respectively,, down ths
back wall.

2. Long (6 ft) edge peara~1el to a radial line from the bomb and
8 ft2 of the back wall plus 4. ft4 of the floor directly exposed. This
was considered the most extreme exposure conceivable, still permitting
a man to crouch in the shadowed portion of the foxhole.

3. Long (6 ft) 2dge perpendicular to a radial line from the bomb
and 6, 12, 18, or 24+ ft,4 of the back wall directly exposed which corres-
ponds to the direct energy incident 1,, 2, 3, or ft respectively down the
back wall.

U.2 ANALSIS OF RESULTS

1U.2.1 Vertical Receivers

rn tmose foxholes in which the receivers were oriented verti-
cally with respect to the foxhole, the data curves for each receiver
poeition are characterized by the same general shape, Soo Appendix D.
This Is evident in all but Fig. 13.6 to 13.9, which are the curveis for
the receiver 4.0 ft or 4.5 ft from the directly exposed wall. For these
cases, the apparent discrepancy can be resolved by conlsidering the tact
that the indicators when placed along a line at this distance from the
directly exposed wall are such that the distance between the directly
exposed wall and the receivers is only slightly changed as the receiver
depth Is Increased to 4 ft. As a consequeneg the energy at the receivers
vaied slightly,, and the data could only be represented as a band.

Par each other receiver location (I. fts 1.5 ft, or 3 ft from
the directly exposed wall), the cuves have a sinilar shape; and the

iin
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author feels that, when any other intermediate area is exposed, the
energy distribution my be obtained for these conditions by careful and
discreet interpolation.

The location of each individual curve indicates that the posi-
tion of the receiver relative to the directly exposed source (wail)is
the main factor in determining the energy received by the receivers.
Of lesser importance, within limits, is the area of source and also the
angle of incidence of the direct energy on the source (exposed wall).

14.2.2 Horizontal Receivers

The curves in this case have mxi~n~a fractional values near the
source which are considerably lower than the case for vertical receivers.
They all tend to decrease as distance from the source increases.

When 2 ft 2 of the wall were directly exposed and the receivers
were placed along a line 2 ft and 3 ft frcm tho, top of the foxhole, there
were no indicator reactions capable of beinag interpreted, which indicates
that the energy received in this area -. s too low to be measured reliably
by the passive indicators. Hanever, it may be concluded that the frac-
tion is at least less than 0.0510 when the receivers are 2 ft from the
foxhole top, and less than 0.0300 when the receivers are 3 ft from the
top.

1.2.3 Calorimeters

It was anticipated that a direct comparison of the calorimetric
and passive indicator data could be made. Havever, since the aperture
of the calorimeters used was 900, and the aperture of the passive indi-
cators was essentially 180 0 , a direct comparison is not meaningful. The
calorimetric results in Table 13.2 are plotted with the passive indicator
data in Fig. 13.2. Here, the calorimeter 1't aw" essentially only 3.14 ft 2

of the exposed wall; while, actually, 12 ft 2 of the wall was exposed.
The decrease of measured energy is not directly proportional to these
areas, because the source (exposed wall) ivediately in front of the
receiver contributes a proportionally greater amount of the total received
energy. When the long (6 ft ) side is parallel to a radial line from
groind sero, there is better correlation. Here, the calorimeters were
further from the exposed wall, and they could "see" almost all of the
exposed area. The data from these calorimeters are plotted for compari-
son with the passive Indicator results on Figs. 13.3 and 13.4.

Comparison of the calorimeter results as measured in the fox-
holes with similar calorimeter measurements taken of the direct thermal
emergy indicates essentially no change in the shape of the thermal paise.
Ths eliminates the possibility of an excessive amount of dust obsoura-
tics or reflection of thermal energy from dust above the emplacement
whicb would negate the passive indicator results.

24.3 SGETUDE 0? INRRWFLECTION

It was felt that the high reflectance of the foxhole walls woul?
eause increase in the received energy because of interreflection
from -e val to another. TI an attempt to measure the m nitude of
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this effect, a foxhole was constructed in which the walls (except the
one which was directly exposed to the incident radiation) were coated
with a low reflectance, flat black paint. Fig. 13.13 gives the data
from this foxhole and for a corresponding aluminum lined foxhole, and
shows that the energy received by the black foxhole is lower by a factor
of approximately 30 per cent when the receivers are relatively far from
the source and is lower by a factor of approximately 40 per cent when
the receivers are closer to the directly exposed wall. It must be noted
that the data are of limited extent and may not be conclusive for other
receiver positions.

The actual magnitude of interreflection will depend upon the
reflectance of the emplacement walls, increasing as the reflectance
increases.

14+.4 SCALING

Part of the objective of this test was to provide scaling laws
such that the information presented herein would be applicable to all
field conditions. Using data from foxholes 11, 15, and 16, and the
data from both shots for corresponding foxholes, the average dev-iation
when calculated with respect to the fraction of incident energy is
0.054, and is 0.190 ft when calculated relative to the distance from
the top or exposed wall. This indicates that the results, when obtained
under different conditions, are reproducible.

14.5 APPLICATION

The reflected thermal energy distribution in a foxhole may be
determined for the conditions within the limit of the experiment by
using the following formula :

2 = FPI
9 = the desired energy in the foxhole
P - the reflectance of the walls of the foxholes
F - the fraction of incident energy as determined from Figs. 13.1

to 13.12
the direct incident energy

The reflectances of some typicai soils and materials is given in
Table U4.1.

tAlt& U.1 - Refloetances ot ?Ypte-il Ntktrtsls

lsm, rand? 0.21. 1
Kauth, moist 0.08 1
Mitl, argilsoooa 0.16 1
Sm 0.93 1
Tuta Flat rsnd app-ox 0.30
Preama Fat a.nd spW 0.25 2

of Frm o0.53 3
Oa 0.35 3

Alrh 0.35 1
L O12alt 0.23

1. Mk hpL.1_k MM , Chas. Rubbr M. Co.,
32 ed., pet W.. L W.11

2t. r~oa10 std Ihw,1

3. hgmi 2t the OnPti, Pr-!tV.Lt!P~k A Is .

113

SECRET - RESTRICTED DATA



CHAPTER 15

CONCL0I10N AND RECOM NDATIO0S

15.1 C01,SION1

The thermal energy distribution in a two-mn foxhole can be pro.
dicted using the data given in Figs. 13.1 to 13.12 and the methods of
scaling shown in Chapter 14.

The data from foxholes 11, 15, and 16 and the data from both
shots for corresponding foxholes indicate that scaling to reasonable
operational corditions of height of burst, distance from ground zero,
and yield is valid.

The thermal energy distribution in foxholes, as well as in other
types of emplacements, can be predicted by using the methods, and within
the limitations, of Appendix D.

If the reflectance is one third or less, a man will receive less
than 10 per cent of the direct thermal radiation if he is in the shadowed
portion of his foxhole at least 1 ft below the limit of the direct ther-
ml radiation on the exposed wall.

15.2 RECO•AMATZ0U

It is recommnded that this experiment be considered conclusive
unless a requirement is shown for the thermal energy distribution in an
emplacement of markedly different geometry, such as a case where the
directly exposed tall is not perpendicular to a radial line from ground
zero, or unless a requirement is shown for data of greater detail or
extent.

With Its limitations in mind, It is reoommended that the method
described In Appendix D for determining the energy received in an en-
placement be considered for general use,
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pi,'• PART IV

GG&M RADIATION IN FOXHOLM

CHAPER 16

INTRODUCTION

16.1 OBJECTIVE

The objective of Part TV of Project 3.9 was to instrument a 2' x
4' x 6' two-man foxhole for prompt gamma radiation such that the angular
dependence of the instrumentation is determined.

16.2 ELCKGRO•ItD

Under Project 2.6, BUSTER, a series of two-man foxholes were ir-
strumented to measure prompt gamma radiation; and the results were sub-
sequently published in the final report(6). Among the conclusions were:
the expe-ure for troops at the bottom of foxholes would be about 12 per
cent of that received by unprotected troops in the same location; air-
scattered #amn radiation contributed from 80 to 90 per cent of the total
intenAty at the bottom of the foxhole. This information was based on
film badWg (the prompt gamma radiation instrumentation) which were placed
vertically with respect to the foxhole.

Sprior to UPSHOT-KNTHOLE the question was posed as to
Sd O iemtation of the film badges in the foxholes would markedly
obmg the sestu of fortification protection described in the Project
2.6, •ept. To answer this question, one two-man foxhole was in-
strowate vh film badges which were placed vertically, horizontally,
and et a A ma e with respect to the foxhole.

16.3 081•=

SMe of this experiment was to justify the method of inntru-
mmntatlean ed t awzmptions used in Project 2.6, BUSTIR. Therefore,
this expewieta a piriarily eonoerned with the angular dependence
of fa •d•ems, ratber than the protection afforded by field fortifica-
tion..

2•z w vly, the response of a film badge which it placed at
vaIrim. age to parallel gamma radiation will depend upon the angle of
Inoldenneof Oe mdiation and should follow the familiar cosine relation
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where In is the amount of incident radiation measured normal to the di-
rection of incident radiation, the Q (called the angle of incidence) is
the angle between the direction of the incident radiation and the nor-
el to the badge; and l is the amount of incident radiation measured

at the angle 0. Thus, as 0 increases from 00 to 900, the value of Ig
will decrease from a maximum equal to In to zero,

It was discovered in BUSTER that the majority (80-90 per cent) of
the radiation received at the bottom of a foxhole could be attributed to
that which is scattered, and that this radiation comes essentially from
the top of the foxhole. Accordingly, most of the radiation received by
the films near the bottom of the foxhole was at a high angle of inci-
dence. This, it was felt, would cause the films to read too low. Ellery
Storm of Los Alamos Scientific Laboratory made an investigation and con-
cluded that an average correction factor of 1.5 would compensate for a
high angle of incidence(24). Further speculation about this effect was
made; and it was postulated that the radiation values obtained in BTZTER
may be too low, even though the 1.5 correction factor is applied. The
objective of this experiment was to investigate this assumption.

4
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CHTFER 17

INSTRUNENTATION

17.1 FILM BDGES

Standard dosimeter film packets using DuPont types 554 insensitive
and 558 insensitive films were used as the gamma radiation detectors.
The type 554 insensitive film was used to detect gamma radiation inten-
sities to about 200 roentgens, while the type 558 insensitive was uti-
lized to detect gamin radiation intensitlbs to about 1000 roentgens.

For field exposure, the badges were mounted in National Bureau of
Standards film holders.

17.2 CALIBRATION

Since the film badges were placed horizontally, vertically, and
at a 450 angle with respect to the foxhole, it was necessary to calibrate
the films at a series of angles of incidence. This was accomplished by
using a Cob, source and rotating the films to the desired angle. It was
deteruined-hat the calibration curves as obtained from the Co~o source
were sufTiciently accurate to be used with no further modifica on for
the radiation range of interest in this test.

Comparison of the calibration curves indicated that the angular
dependence of the exposure of the badge was not as critical as would be
postulated on the basis of the cosine law. The calibration data were
not of sufficient detail to verify any relationship between thi exposure
of the film and the angle of incidence of the radiation.

It was felt that the materials of the 1S holder tend to scatter
and, to some extent, attenuate the Incident radiation.

17.3 TEST SITE

One foxhole# 4000 ft from expected ground sero, along the East-
West blast line was utilized for this exporiment. The file badges were
placed, numbered, and oriented as shown In nFigs. 17.2 and 17.2.

shot 9 was used for the exposure.
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CHAFM isR1

RESULTS

18.1 iWHlIODS OF ANALYSIS

The film badges used during BUSTPR were placed vertically with
respect to the foxhole and calibrations were made with the film placed
at a zero degree angle of inq•i4nce (the film waa perpendicular to the
incident energy). In order to obtain a direct comparison, all of the
films used in this test which were placed in position A (verticdl with
respect to the foxhole) were read from calibration curves made at a zero
degree angle of incidence.

It was determined during BUSTER that 80-90 per cent of the radia-
tion received near the foxhole 'otom was scattered in from the top.
Therefore, the films placed in psitions B (450 angle) and C (horizontal)
in groups 2, 3, 6, 9, 11, 12, 15, and 18 effectively received most of
the incident radiation at an ai:gle that is formed approximately by a
line drawn from the upper front edge of the foxhole to the film and the
noreal to the film. Thus, each of these films was characterized by an
angle of incidence. Calibration c¢irves for these angles were drawn and
the amount of radiation was obtained. These data, and the per cent dif-
ference between positions A and B and A and C, are given in Tables 18.1
and 18.2.

It was felt that the remaining groups received essentially all
of their radiation directly, i.9., unscattered. Calibration curves ob-
tained at the angles of Incidence on the film of the direct radiation
from the bomb were used to obtain the radiation value. ?or positions B
and C, Position A was evaluated as discussed earlier In this chapter.
These data and the per cent difference between positions A and B and
peitions I and C are given in Tables 18.3 and 18.4. The overall aver-
age per cent difference bitween positions A and 8 and positions A and C
io given In Table 18.5.

All at the above data have been comected to give the radiation
ula. bad each film of a group (horisontal, vertical, and at a 450 angle)
been at eactly the sane point.

MT
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18.2 DISCUSSION OF RESULTS

Position A was chosen as the basis for comparison in Tables 18.1

to 18.5, because this orientation was used during BUSTER. It was neces-

sary to obtain a direct comparison between film badge readings obtained

as they were during BUSTER and film badge readings taken at other orien-

tations during this test.
Calibration of the film badges at the angles and by the methods

described above provides a direct comparison between data which have

been obtained in the most accurate manner available and the data which

are in question.
It can be noted by an investigation of Tables 18.1 to 18.4 that

there is little significant difference between the radiation val ies of

a group whether obtained horizontally, vertically, or at a 450 angle.

This difference becomes even less significant when the 20 per cent error

of the film is considered. There is a tendency, however, for the radia-

tion values obtained from the horizontal and 450 angle film badges to be

slightly higher than those obtained from the vertical film badge.

TABLE 18.1 Data from Film Badges Receiving Scattered Radiation

Film Type - 554 Insensitive

* Exposure (Roentgens) Difference Difference

Position Between Between
A B C A and B(% A and C(%)

2 26 16 23 38 12
3 15 16 17 7 13
6 19 23 19 21 0
9 23 22 33 4 4#3

11 33 38 40 15 21
1.2 15 18 16 20 7
15 26 32 28 12 0
8 so 67 6,5 16 1619

TABLE 18,2- Data from Film Badges Receiving Scattered Radiation

111 Type -558 Insensitive

bxposuze (Roentgens) Difference Difference

Position Between Between
A 3C AaundD(%) A and C(%)

2 29 25 42 U4 45
*3 12 15 15 25 25

6 17 23 24 35 41
9 22 as 3 27 so

n1 34 47 AS 36 41
12 15 .19 17 27 13
12 35 33 47 6 34

67 66 64 1 25
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TABLE 18.3 -Data from Film Badges Receiving Direct Radiation

Film Type - 554 Insensitive

Exposure (Roentgens) Difference Difference
Position Between Between

A B C A and B(%) A and C(%)

1 14+3 239 90 67 37
4 175 169 173 3 1
5 36 4+0 46 11 28
7 195 201 194 3 1
a 55 56 58 2 5

10 190 196 199 2 5
13 225 220 240 2 7
U4 81 94 90 16 11
16 225 250 260 11 16
17 168 161 181 4 8

TABLE 18.4 - Data from Film Badges Receiving Direct Radiation

Film Type - 558 Insensitive

Ezposure (Roentgens) Difference Difference
Position - Between Between

A B C A and B(%) A and C(%)

1 126 166 175 32 39
4 153 0 199 0 30
5 40 62 54 55 35
7 161 185 220 15 37
8 52 66 68 27 31

10 182 225 225 24 24
13 300 245 260 lit 13
U 82 93 100 13 22
16 270 250 310 7 15

17 152 230 172 51 81

TABLE 18.5 a 5rOyFll Average Per Cent Difference

Avenrge Renrent Average Percent
Fibo Differene Between Difference Between

ABCA and B(% A and C(%

554 Insensitive U4 13
558 rueneltive 24 30
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CELFIZR 19

COMML~ONS AND REOO~NDATION3

19.1 CONELUSIO'.

The angular orientation of film badges used to measur'e the gamnn
radiation in a foxhole 13 not a critical factor in determination of the
total dose.

19.2 REOMM4NDTIONS

It Is reoommended that the angular orientation of film badges be
considered not to affect the conclusions of Project 2.6, BUSTER.

12
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APPENflLX C - PRESHOT AND POSTSHOT PHOTOGRAPHS OF TEST STRUCTURES
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a Fig. 0.1 1roz'tifcation No. 1j berat'e Shot 9

3) -.. ,

Fig. 0.2 lwtificat~~im . 9attSo

SSECRET - RESTRICTED DATA



lzo

] II

LEI

Z'I"

SR -

7 -

• . • .(.1 .. .. - .>'•

F1g. 0.4, lwetJlfatlcm 11o. 1, after Shot 10

SSECRET - RESTRICTED DATA



• - -• r

I. i. -- 4

k,4,

- i - ...

S- ' 1 - .-

/

Fig. CJ Fortification li N. a1te Shot 1

I 4

- ,• ..'•j .. .. • .. I.

r' 4 J

)

]Fig. 0.6 ]lortitloatics Es.o, Ia fteO Shot 10
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Fig. C.'7 Fortification No. 2, before Shot 9
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Fig, 0.1 Fotification go. 2, after Shot 10

ng. 0.2 Fortification No. 3p btcag Shot 9
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Fig. Co13 Fortific~tion •o. 3, after Shot 9 I
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Fig. C.U£ Frtitication No. 3, after Shot 10

SECRET - A•ESTRICTED DATA



wpm.4

-~ .. ' -

131

Fig. C.1E Fortification Do, 3, after Shot 10
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Pig, C,18 Tortification No. 4, afeore Shot 9
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Fig. C.19 Fortification go. 4, after Shot 9
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Fig. C.21 Fortification No. 5, before Shot 9
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Fig. C,22 Fortification No. 5,, after Shot 9
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Fig. C .23 Fortifilation No. 5, after Shot 10

Fig. C.24 Fortification NO. 6, bteor, '".ot 9
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Fig. C.25 Fortification No. 6, before Shot 9
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Fig. C. 26 Fortification No. 6. after Shot 9
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Fig. C.27 Fortification No. 6, after Shot 9
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Fig. C.28 Fortitication No. 6, after Shot 10
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Flig. C.29 Fortification No. 7. before Shot 9
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Flig. C.0 Fortification No. 7g before Shot 9
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Fig. C.31 Fortification 1No. 7, after Shot 9
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Fig. C.32 Fortificatlon No. 79 after Shot 9
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Fig. C .31 Fortification ifo. 7, aftero Shot 109
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Fig. C.35 Fortification No. 8, after Shot 9
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F7io C,°36 Forti•clation No. 8, after Shot 9
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Fig. C.37 Fortification No. 8, after Shot 10
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Fig. C .3 Foartification ?~o. 9, before Shot 9
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Fig. C.39 Fortification No. 9, before Shot 9

fig. C.40 Fortificationi Ho. 9,, after Shot 9
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Pic. C.41 Portif icatica Zro. 9, after Shot 9

Fig. C.A2 Fortification No. 9, after Shot 9
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Fig. C.43 Fortification �1o. 9, after Shot 10

Fig. C.44 Fortification No. 10, before Shot 9
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Fig. C.45 Fortification No. 109 before Shot 9

Pic. C.46 Fortification No. 10, after Shot 9
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Fig C.4 Fotiiato No. 10 ferSo
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fig. C.47 Fortification No. 10, after Shot 9
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Fig. C .4 Fortification No. 10, after Shot 9
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Fig. C.49 Fortification No. 10, after Shot 9
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Fig. C.50 Fortification WO, 20p after Shot 10
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Fig. C.51 Fortificstion No. 11, before Shot 9

- '£ ~ ". _.f l

44

Fig. C,52 Fortification Io. 11, after Shot 9
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Fig. C.53 Fortification Ito. 11, after Shot 9
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Fig. C.55 Fortification No. 12, before Shot 9

FUo C.56 Fortification No, 12, before Shot 9
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Fig. C.57 Fortification go. 12, after Shot 9
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F4, C.58 Fortification No. 12, after Shot 10
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Fig. C .59 Fortification No. 13, before Shot 9

fig. C.60 Fortification No. 130 betor. Shot 9
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Fig. C.61 Fortification No. 13, after Shot 9

Fig. C.62 Fortificoation No. l~v after Shot 9
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Ftig, C.63 ForLtifcation N~o, 13, after Shot 10
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fig, 0,6 Fortification No. 1, before Shot 0
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Fig. C,67 Fortification go. 14, after Shot 10

Fig. C.68 Fortification No. 159 before Shot 9

159
SECRET- RESTRICTED DATA



Ia

Fig. C.69 Fortification No. 15, be•fore Shot 9

Fig. C.70 Fortification No. 15, after Shot 9
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F. >. I

Fig. C.71 Fortification No. 15, after Shot 10
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Fi. C.72 Fortifioation No. 16, before Shot 9
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Fig. C.73 Fortification No. 16, after Shot 9
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Fig. C.74 Fortification No. 16, after Shot 10
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D Fig. C.75 Fortification No. 17, before Shot 9

Fig, C,.76 Fortification No. 179 before Shot 9
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Fig. C.77 Fortification No. 17, after Shot 9

Fi. C. Fotfato o. fe ht1
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Pig. C.78 Fortitication No. 17, after Shot 10
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Fig. C .79 Fortification-No. 18., before Shot 9

Fig. C.80 Fortification No. 18, befors Shot 9
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Fig. C.1FriiainSo 9,atrSo

°.I -

* /

I -A

Fig. C.82 Fortification No. 18, after Shot 9
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Fig. C.83 Fortification No. 18, after Shot 9

FU. C.04 fortif cation go. 19, before Shot 9
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Jig. C .85 Fortification No. 19, before Shot 9
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Jig. C .86 ?stificatioc N~o. 19, .Ltter Shot 9
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4 Fig. C,87 Fortifieation No. 19, after Shot 9

Fig. C.88 Fortification No. 20, before Shot 9
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Fig. C.89 Fortification No. 20, before Shot 9

-

fig. C.90 Fortlifiation go. 20, after Shot 9
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Fig. C.91 Fortification No. 20, after Shot 9

At

Fig. C.92 Fortification No. 20,, after Shot 9
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Fig. 0.93 Fortification No. 21., under Construction
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Fig, C.9-4 Fortification No. 21, after Shot 9
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Fig. C.95 Fortification No. 21, after Shot 9
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Fig. C.96 Fortification No. 22, before Shot 9
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Fig. C.97 Fortification No. 22, after Shot 9
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F~ig. C .98 Fortification No. 22, after Shot 9
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Fig. v.99 Fortification No. 23, before Shot 9
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YUg. C,200 Forutification No. 23,w befmor Shot 9
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Fig. C.O1 Fortification No. 23, after S-ot 9
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Fig. C.102 Fortificstion No. 23, after Shot 9
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Pig. C,103 Portifieation Nlo. 239 aft~or Shot 9
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Fig. C.104 Fortification No. 23, after Shot 9
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Fig. C .105 Fortification No. 24,, befoare Shot 9
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Fig. C,100 Fortification No. 240 after Shot 91?2
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mR Fig. C.1O6 Fortification No. 24, after Shot 9

Ia I

- SECRET - RESTRICTED DATA

,9

q•1



Fig. C-109 Fortification So. 24p, after Shot 9
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EB I

Fig. C.110 Fortification No. 25, before Shot 9
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Fig. C.111 Fortification No. 25, before Shot 9

fig, C,212 Fortification 
No. 259 after Shot 9
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Fig. C.113 Fortification No. 25, after Shot 9

Fig. C.114 Fortification No. 26, after Shot 9
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Fig- C .115 Fortification No. 26, after Shot 9
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Fig. C.,11 Fortification No. 27, after Shot 9

IV

4

F1ig, 0.118 Foertiiation No. 27, after Shot 9
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Fig C.119/' Fotfcain Y.2, afte Sho 9
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Fi1g. C .120 Fevtlftitatton No. 28, before Shot 9
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Fig. C,122. Fortification No. 28, bfeore Shot 9
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Fig. C.123 Fortification No. 28, after Shot 9
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Fig. C.124 Fortification No. 29, before Shot 9
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Fig. C.125 Forti.fIcation No. 29, before Shot 9

a

Fig. C.126 Fortification No. 29, atter Shot 9
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Fig. C.127 Fortification NTo. 29, after Shot 9
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Fig, C,128 Fortification No. 309 before Shot 9
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Fig. C.129 ForLifleation No. 30, before Shot 9

Fig. C°130 Fartitfication No. 30, after Shot 9

190

SECRET- RESTRICTED DATA



Fig. C.131 Fortification No. 31, after Shot 9

II

FI. C132 Fortification Io. 31, after Shot 9
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Fig. C .133 Fportification 11o. 32, after Shot 9

III

PFiC. C.134 Fortification No. 32, after Shot 9
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*Fig. C.135 Fortification No. 33,, before Shot 9
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-_ • Fig. 0.136 Fortification No. 33, betore Shot 9
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Fig. C .137 Fortification No. 33,, after Shot 9

II

Fig. C.138 Fortification No. 34l beforo Shot 9
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7ig. 0-139 Fortification No. 34, aftt* Shot 9

Pic. C.14O For'tification No. 35v before Shot9
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Fig. C .14 Fortification No. 35, after Shot 9i| -

m.!8

Fig. C.242 Fortiflatlon No. 36, before Shot 9
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Fig. C.U43 ?ortif ication No. 36, after Shot 9

Fig CjFrifc~nN. 7,bfo*So
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Fpig. C.145 Fortification 7.1. 37, after Shot 9

Figs C.U6 Portification No. 37, after Shot 9
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Fig* C.149 Fortification No. 39, before Shot 9

JA

FIg. C.150 Fortitlostion No. 39, after Shot 9
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Fig, C,151 Fortification No, 39, after Shot 9

Fig. C.152 Fortification do. /400 before Shot 9
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Fig. C.153 Fortification .to. 40, before Shot 9
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Fig, C,154 Fortiftication So. 40, after Shot 9
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Fig, C,155 Fortification No. 40, after Shot 9
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Figl. C.l56 Forttfioation 4o 0, after Shot9
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Fig. C.157 Fortificalion No. 41, before Shot 9
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Fis C.158 Fortification go. 4.1, before Shot 9
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Pig. 0.161 Fortific•.tion No. 42, after Shot 9
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SECRET- RESTRICTED DATA



*Fig, C,163 Fortification No. 43j, after Shot 9

Li.0,6 ottotnNo AbeoeSo9
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Fig. C.165 Frrtification No. 44, before Shot 9
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fig. C,2664 fortification No, £ after Shot 9
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Fig. C.167 Fortifteation No. 45, before Shot 9
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Fig* C.168 Poatifloation No, 4%, before Shot 9

209

SECRET- RESTRICTED DATA



-

A.A

Fig. C.169 Fortification No. 45, after Shot 9

Fig, C.17O tortifioation No. 460 before Shot 9
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Fig. C.171 Fortification No. 46, after Shot 9

tI

FIo. C.172 Fortification No. 47, before Shot 9
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Fig. C.173 Fortification No, 47, after Shot 9

'A

lot

-w

tic. C..174 Fortification 1o. 48, before Shot 9
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Fig. C.1'?5 Fortification No. 48, after Shot 9
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Fig. C.1?6 Fortir tion No. 49, betole Shot 9
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Fig. C.177 Fortification No. 49, after Shot 9
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Fig. C.178 Fortitication ifo. 50, bt~ors Shot 9
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APPENDIX D

GENERAL IETHOD OF
DMEMNING THE THEMRIL EINRGY RECEIVED IN AN EMPIACEINT

D.1 INTRODUCTION

Refer to Figs. 13.1 to 13.4, which are the curves for the fox-
holes in which the receivers were vertical and 1 ft, 1.5 ft, and 3 ft
from the directly exposed wall; and note that all the curves correspond-
ing to the incident energy 1 ft down the directly exposed wall are of
similar shape and location on the graphs. This is also true for the
cases in which the incident energy is 2 ft and 3 ft down the directly
exposed wall. Thus, from Figs. 13.1 to 13.4, it was possible to form
three generalized curves corresponding to the incident energy 1 ft, 2
ft, and 3 ft down the directly exposed wall.

These three new curves were found to be of such shape and loca-
tion that it would be possible to further combine them into one com-
pletely generalized curve by displacement of each in a horizontal direc-
tion. This curve, multiplied by reflectances of 0.30, 0.20, and 0.10,
is labeled "C" in Fig. D.1.

In the formation of this generalized curve, it was calculated that
an average error of 1 25 per cent was introduced.

D.2 DMFINITIOM3 OF SYMBOLS

The following symbols are used in Fig. D.l:
D - Distance from ground zero (ft)
D - Height of burst (ft)
1 - Dimension of the emplacecent as measured along a radial line

from ground zero (ft)
b - Depth in emplacement at which the energy value is desired (ft)
P - Reflectance of the directly exposed wall (taken as 0.10, 0.20,

and 0.30 for this case)

D.3 ASSUMPTION AND CONDITIOIS

The visibility is 20 miles.
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The receiver is between 1 ft and 3 ft from the directly exposed
wall, and is between 1 ft and 4 ft from the top of the emplacement, and
at least 1 ft from either side.

The receiver is vertical.
The exposed wall is perpendicular to a radial line from ground

zero.
The relative values of HB, D, and 1 must be such that (HB x 1)/D

(distance down the back wall which is exposed to direct thermal radia-
tion) must equal betwyeen 1 ft and 3 ft. This corresponds to the direct
energy incident from 1 ft to 3 ft down the back wall.

The h must be equal to or greater than (HB x 1)/D.

D.4 APPLICATION

Given the values of D, RB, and XT yield for the bomb, determine
the total incident thermal energy by using section "A" of Fig. D.I. If
visibility is other than 20 miles, it is suggested that TM 23-200 be
used to find the total incident thermal energy at the given distance
from ground zero.

Using section "B" of Fig. D.1, the same D and RB as above, and
then 1 and h, determine a point on the abscissa of section "C."

Using section "C," along with the points found in sections "A"
and "B," determine the energy at depth "h" in the emplacement for a
given reflectance.
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APPENDIX G

BLAST DAMLAGE CRITERIA FOR DESERT ROCK FIELD FORTIFICATIONS

by Pfc. Marvin Adelberg

G.1 IT•ThODUCTION

G.1.1 =urose and Scope

The purpose of this appendix is to establish blast damage
criteria for field fortifications suitable for inclusion in TM 23-200.
This study is limited to the data contained in the Desert Rock reports
of operation at the Nevada Proving Grounds (1,2,3,4) and to the d:
analytical procedure presented by Sandia Corporation in SC-3209 (24).

G.1.2 Background

In the course of reviewing the background material for Project
3.9, Capt. Robert C. Nelson, Chief of Special Projects Branch, ERDL,
recognized the possibility of applying Sandia Corporetion's analytical
method to present the Desert Rock observations of blast damage to field
fortifics.tions in the form of damage curves. Therefore. 1st Lt. Allan
R. Fowler was directed to compile these data, and Sgt. Charles T.
Messinger, under the supervision of Dr. Thomas G. Walsh, was directed
to conduct the initial calculations. Upon examining the results of
the initial analysis, Lt. Comdr. Christianson, AFSWP, suggested that
it be extended. The analysis was extended and put in final form by
Pfc. Marvin Adelberg, under the supervision of 1st Lt. Fowler.

G.2 ANALYSIS

0.2.1 ]

The raw data consist of the observations of blast damage to
field fortification emplacements presented in the reports on Exercise
DESERT AOCK I to V. The data are consolidated in Table G.1, which is
self-exlanatory except for the column headed "Damage Probability."
To explain this column, consider the 32nd entry, which is 3/5. This
means that five -- reinforced field fortifications were exposed under
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identical conditions, three of which were considered damaged. An un-
reinforced field fortification consisted of no more than an excavation,
and was considered damaged if it was at least half full of earth. A
ireinforced field fortification consisted of an excavation which was
either covered, revetted, or' both covered and revetted, and was con-
sidered damaged if any significant part of the structure failed.
Detailed drawings of all of the Desert Rock fortifications are pre-
sented in the reports referenced above.

G.2.2 Blast Damage Curves

The blast damage curves are presented in Figs. G.1 to G,8.
They are a result of the applic tion of the analytical procedure to
the raw data. With probability of damage as ordinate, peak over-
pressure, maximum earth particle velocity, and slant range, all scaled
to 1 KT, were chosen as abscissa. For each figure, type of field
fortification or type of burst was chosen as the parameter.

When applying &he Sandia Corporation's method, we assume there
exists a reversed normal distribution curve which best fits the data.
The next step is to find the mean and the standard deviation. Once
these values are determined, the particular curve is fixed. The
theory of why a reversed normal distribution curve is selected and
the theoretical derivation of the best mean and standard deviation
will not be discussed in this appendix. The equations which yield
the best values of the mean and standard deviation are:

k-I IM - T} Pi ; r o " a Pi M

m - mean
o" z standard deviation
pj = difference in probabilities of adjacent sets
T1  value of the parameter dividing two adjacent ,ets
k number of sets

As an exmaple, consider the probability of the dama&e curve for
reinforced fortifications with peak overpressure as abscisc: for the
underground burst, which is sho'rn in Fig. 0.5. Tables G.2 and 0.3 are
the complete work sheets used for developing this damage curve, Their
purpose is to determine the values of m and r according to the
above equations, and to then obtain nine selected points of the
corresponding reversed normal distribution curve which best represent
the data.
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Fig. G.1 Probability of Blast Damage to Field Fortifications vs
Peak Overpressure Scalsd to 1 Kr Based on Desert Rock
Data From the Underground, S-arface, and Air Bursts.
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fig. 0,2 Probability of Blast Damage to Field Fortifications vs
Slant Range Scaled to 1 KT Based on Desert Rock Data
froum the Underground, Surface, and Air Bursts.

251

SECRET- RESTRICTED DATA



m

1.00 -

80-

mU

60 / --- Underground burst

- /Three types combined
40 I /Surface burst

" ........ Air burst
A

20 /
i•I..".

0 5 10 .5 20 25 30 35 46 45

Peak Overpressure (psi)

Fig. G.3 Probability of Blast Damage to Unreinforced Field Fortifications
vs Peak Overpressure Scaled to 1 XT for the Desert Rock
Underground, Surface, and Air Bursts.
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Fig. G-4 Probability of Blast Damage to Unreinforced Field For fdi-
cations ve Slant Range Scaled to 1 KT for the Desert A,�k
Underground, Surface, and Air Bursts.
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Fig. 0.5 Probability of Blast Damage to Rein.forced Field Fortifications
vs Peak Overpressure Scaled to 1 KT for the Desert Rock
Underground, 143-xface, and Air Bursts.
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Fig. 0.6 Probability of Blast Damage to Reirnorced Field Fortifications

vs Slant Range Scaled to 1 KT for the Desert Rock Underground,
Surfaces and Air Bursts.
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Fig. G.7 Probability of Blast Damage to Unreinforced Field Fortifi-
cations vs Maximum Particle Velocity Scaled to 1 KT for the
Desert Rock Underground and Surface Burst. '
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Fig. G.8 Probability of Blast Damage to Reinforced Field Fortifications
vs Maximum Particle Velocity Scaled to 1 KT for the Desert
Rock Underground and Surface Burst.
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Table G.2 - Part I of Work Sheet for Developing Underground Burst
Damage Curve for Fig. G.5

Observation Peak P p
Number Overpressure jRegrouped

" P.S.I. No. Damaged

No. Damaged + No. Undamaged

1 50 2/2
2 45 1/1
3 35 2/2 -8/8 -8/8
4 30 I/i
5 22 1/1
6 17 1/1
7 15 0/2 1/3
8 15 1/1
9 14 0/2 4/12

10 13 1/1 2/4
11 9.2 1/1
12 8.2 0/3 1
13 7.9 1/2 1/5
14 7.8 0/i
15 6.9 0/1
16 6.5 0/i
17 6.2 0/i 2/1 2/8
18 5.6 0i1
19 5.6 1/1
20 5.5 1/2
1 ~ 5.3 0/1
22 5.2 0/1
23 5.0 0/i o6 -0/6
24 2.9 0/1
25 2.3 0/2

As can be seen in Figs. G.1 to G.4, the Desert Rock data show
SWiy li±le difference between the damage susceptibility or the three
types of reinforced fortifications. Therefore, the De3ert Rock data,
which was presented to incluie rour types or tortirtcations, should
be consi•Oed zo include only two, unreinforced and reinforced.

The damage curves presented with peak overpreaiure as abqcsti.
Fig. G.3, end G.5, are rather stqep and lend themselyes to the
settiAg up of damage cuteaories, which are shown in Tabl G.,' below.
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Table G.3 - Part II of Work Sheet for Developing Underground Burst
Damage Curve for Fig. G.5

S& Range Extended Range Inverte

1.000 50-17 - 0 - 0.0625
0.333 15-7.9 16 - t.8 0.0625 - 0.128
0.250 7.8-5.5 7.8 - 5.4 0.128 0.185
0.000 5.3-2.3 5.4 - 0 0.185

Tj Pj TjPj TJa Pj 0.0987

0.0625 0.667 0.0418 0.00262 : 0.0526

0.128 0.083 0.01c6 0.00136
0.185 0.250 0.0463 0.00855

T_-M T-M T I/T Probability (%)

-3.0 -0.158 100
-2.0 -0.115 - - 97.5
-1.5 -0.0790 0.0197 50.6 93
-1.0 -0.0526 0.0461 21.6 84

0 0 0.0987 10.1 50 £
1.0 0.0526 0.151 6.61 16
1.5 0.0790 0.178 5.61 7
2.0 0.115 0.214 4.67 2.5
3.0 0.158 0.257 3.89 0

Table G.4 - Damage Criteria Based on Peak Overpreasure

Probability Critical Peak Overpressure (psi)
of Damage Unreinforced Reinforced
(per cent) Fort fications Fortifica tions

Underground Surface Air Underground Surface Air
Burst Burst Burst Burst Burst Bxrst

10 3 3 7 6 14 8

50 4 5 13 9 27 16

90 5 17 25 21 45 29

As brought out by Figs. 0.3 and G.4, the data on unretnforced
field fortifications indicate that the type- of burst (air, surface,
underground) may be significant. The air burst curve stands apart
from the surface and underground burst curves vhen plotted on either
a p1•.ak overpressure or slant range basis. The implicttion is that
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IU

beth the surface and undergTround bursts are more damaging than the
air burst. This trend disappears as we approach ground zero (high
peak overpressures and low scaled slant ranges). Since this
itnlication is serious, it must be stressed that this is based on a

S:,>ted amount of data and, hence, is susceptable to sizeable errors.
For reinforced field fortifications, the curves for air,

•,•'=e, and underground bursts practically coincide when slant range
4,j used as abscissa; but they again seatrate when peak overpressure
is used as abscissa. The reason for the separation in the later case
is not evident. It should be pointed out that although Fig. G.5 is
for reinforced field fortifications, the air burst curve is based on
data which are primarily taken from "covered" field fortifications,
while the surface and underground burst curves have very little data
from the "covered" field fortification group. These two curves are
based solely on data from the "revetted" and "covered and revetted"
group. The surface and underground burst curves each have a re-
latively poor correlation, and there can be noted a tendency for the

"revetted" fortification data to displace these two curves further to
the right and the "covered and revetted" fortification data to dis-
place these curves toward the left.

It is interesting to note that one of the necessary conditions
that the variable selected as absciss3 for the damage curves be the
true damage causing factor (if there is only one and not a combination
of two or more) is that the air, surface, and underground burst curves
coincide. The curves were considered as not coinciding in all cases
but one, the implication being that slant range, peak overpressure, or
maximum earth-particle velocity is not the one true influencing factor.

p One difficulty in drawing this as a conclusion is that other errors may
be causing these deviations and the true curves may really be coin-
cident. Furthermore, since coincidence is a necessary condition but
not a sufficient one, the abscissa for the one case where the curves
did coincide is not necessarily the true influencing factor for that
case. In other words, we have a negative check for the true variable
but not a positive one.

G.3.2 Erro2r Analy-sis

Because of the time consuming comple:xty of treatment of the
data, a mathematical error analysis is not presented; but mention of
the contributing factors can be made.

1. The hux:. n error in obtaf -irg, recording, and evaluating
the raw data may be very significant. There were many cases where it
was difficult to determine decisively whether a fortification should
be considered "damaged" or "undamaged".

2. No allowance was made for the variation in the designs
and in the strengths of the materials used for covers and revetments.
Likewise, no allowance was made for the variation in ground conditions,
In orientation of the fortifications, or in the relative dimensions
of the fortifications.

3. When applying the Sandia C*rpor2tion mathematical method,
the lack of sufficient raw datt results in the curves baing too
flexible. Errors of the order of 25 per cent are not unlilely. This
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would correspond to an error band for each curve, the wtdth correspond-
ing in some cases to the differeitce between the curves which are to be

compared. The method really falters at the extreme ranges of probabil-
ity, and visual modifications based on the raw data were made in these
regions. The distribution of the raw data is shown in Table G.5. W

Table G.5 -Distribution of Raw Data

Type of ofFortification
Burst- unreinforced revetted covered covered and revetted

Air 58 2 41 8

Surface 18 13 0 10

Underground 28 20 0 15

4. Peak overpressures and maximum earth particle velocities
were taken from curves in TY 23-200 dated 1 October 1952 which have
an "estimated reliability" of + 25 per cent and + 50 per cent
respectively.

The influence of the above four points is not evident in the
figures because of the comolexity of the process through which the
data must pass in order to yield a curve. As a matter of fact, any
monotone set of three groups or more will produce a damage curve A
regardless of whether the variable under consideration is or is not

producing the damage. This is becau e the method assumes the
reversed normal distribution to be-Li with and utilizes the data to
determine the two constants rn and r . Once these are determined,
the corresponding reversed normal distribution curve is presented as
being representative of the data. By modifying the curves at their
extremes, satisfactory values for high and low probability were
obtained. The data for intermediate values of "probability of
damage" were rather sparce, and a better correlation would have been
obtained Pad there been more da+A. The probable error in this
apnendix is estimated at t 30 per cent for Figs. G.2, G.4, G.6;
t 45 per cent for Figs. G.1, G.3, G.5, and for Table G.4; and + 60
per cent for Figs. G.7 and G.8.

0.4 Co1;CLt4SIO: AttD RnCo;.ý:.:r:akrm

It is concluded that damage criteria for the Desert Rock field
fortifications are shown in Table G.4, vith an estimated probable
error of ! 45 per cent.

It is recommended that, until better data can be obtained, the
blast damage criteria presented here be apnropriately included in
TA 23-200.
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